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ABSTRACT

The nucleon-meson transport code NMTC computes the transport of
nucleons below 3.5 GeV and muons and cha: i;:d pions below 2.5 GeV. Monte
Carlo methods are employed to provide a detailed description of the trans-
port process. High-energy nucleon-nucleus and pion-nucleus collisions are
treated using the intra.nucfear—casca.de—eva.poration model, Virtually arbi-
trary geometries can be specified. The code is written in FORTRAN IV for
the IBM 360/75 and IBM 360/91 computers.

In this report, the method of calculation used by the code is dis-~

cussed, and the code input is described. Also, input and output for a

sample problem are given.




I. INTRODUCTION
The nucleon-meson transport code NMTC computes the transport of nucleons
belov 3.5 GeV and muons and cherged pions below 2.5 GeV. Monte Carlo methods
are employed to provide a detailed description of the transport process.
Virtually arbitrary geometries can be specified. The code is written in
FORTRAN IV for the IBM 360/75 and IBM 360/91 computers.*+
NMTC consists of two basic transport codes: NMT and a modified version
bf OSR.1 NMT transports particles in the energy renge from the source par-
ticle energy down to & specified cutoff energy which, for nucleons, is
usually chosen between 15 and 50 MeV. Neutrons produced in NMT below the
cutoff energy are transported via the O5R code, ¥¥ Charged particles are
not transported below the NMT cutoff energy. %
The source-particle description for NMI is specified in a user-written

subroutine., The source particles may be protons, neutrons, charged pions,

or muons. Arbitrary energy, direction, and spatial distributions for the

source particles may be used, provided that the meximum energy does not

exceed 3.5 GeV for nucleons and 2.5 GeV for muons end charged pions.

*

Two assembly language subroutines are used: L@C(X), which returns the
absolute memory address of X, and FLRAN(R), which returns a random’
number R uniformly distributed from O to 1.

*Avail&ble memory on these machines varies with the loecal installation.
Since NMIC has an approximate minimum storage requirement of i
575,000 bytes, it may exceed the available memory on some 360/T75 -
machines. )

B :
Since NMT provides a complete description of the low-energy neutron %
source, the OS5R code may be replaced rather easily for most problens

by some other means of low-energy neutron transport. i
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The output from NMI normelly congists of two reels of magnetic tape.

One tape contains a complete deseription of each neutron produced below the
NMT cutoff energy, and this tape is used as the low-energy neutron source
input for O5R. The other tape, known as the nucleon-plon history tape, con-
tains a series descripticn of each "event" (nuclear interaction, geometry
boundery arossing, pion decay, ete.) which oeccurred during the transport cal-
culation. Creating such a history tape has the advantage of allowing re-
peated and various analyses of the same transport data. Results of interest
for a particular problem are obtained by reading and processing the transport
data stored on the history tape. Such analysis programs are not a part of the
NMTC code and musgt therefore be written by the user. The 05R code also pro-
duces a history tape, and results of interest for the low-energy neutron
transport‘;re also obtained by a user-written analysis code.

In NMT, muons are transported in a separate calculation from nucleon
and pion transport. The muon source description may either be specified
by the user or cobtained from the pion-decay data available on a previously
gencrated nucleon-pion history tape.

The manner in which NMIC treats various physical processes in the
transport calculation is deseribed briefly in Sec. 2.* The description of
nonelastic collision products in NMT is obtained using the intranuclear-
cascade-evaporation model of nuclear interactions. At each nuclear inter-
action, an intranuclear~cascade and evaporation caleculation is performed to
shiain the energy and direction of the emitted nucleons and pions. Con-

sequently, a unique Ieature of the code is that differential cross sections

*The method of caleulation used in an earlier version of NMIC has previously
been published.? ' ‘




g for nucleon and pion production from nucleon-nucleus and pion-nucleus non-
&
.f elastic collisions are not required as input since they are, in effect,

computed in the course of the transport caleulation.

In Sec. 3, the input preparation for NMTC is discussed, and several
auxiliary programs for use with NMTC are desgribed.

In Sec. L, a ssmple problem is given to illustrate the input required
and the output produced by NMTC. Input and output for analysis routines

written for the sample problem are also given.




2. METHOD OF CALCULATION

2.1 Charged-Perticle Energy Loss

The energy loss of protons, charged pions, and muons by the excitation
and ionization of atomic electrons is treated using the continuous slowing-
down approximation. Thus, range straggling and angular deflections re-
eulting from the stochastic nsture of the multiple-scattering process are
not taken into account. An approximate expression for the density-effect
correction is used.3

The code computes proton range~energy tables for each materis) .. the
system. These same tableg are used for muons and charged pions by making
use of scaling relations .

2.2 Nucleon-ucleus snd Pion-Nucleus Nonelastic Collisions

The intranueclear-cascsade-evaporation model of nuclear interactions is
employed to obtain the energy and direction of nuclecns and pions produced
in nueleon~nucleus and pion-nucleus collisions at energles above the NMT
cutoff. At each nonelastic collision, an intranuclear-cascade calculation
isﬂperformed usiné é subprogram version of Bertini's medium~energy intra-
nuclear-cascade code.’® The intranuclesr-cascade model used assumes that
a nonelastic interaction with a nucleus may be described in terms of par-
ticle-particle coilisions oceurring within the nuecleus and that the kine-
maties of these collisions are not influenced by the remaining nucleon
population. Spatial variations of the energy distribution, number density,

and potential of the nuecleons inside the nucleus are taken into account.

%#The particular version of the 1ntranuclear—cascade code used in NMT is
that de51gnated as MECC~2 by Bertini. The only difference between the
MECC-2 version used here and the MECC~3 version described by Bertini
in Ref. 5 is in the options available for eutoff energies used in the
1ntranuelear—cascad& calculation. =




Experimental deta for free particle~particle cross sections are used in
tracking particles within the nucleus. The intranuclear-cascade products
are comprised of an excited residuval nucleus and emitted protons, neutrons,
and T =, T =, end TC-mesons.

Pion production in the intranuclesr-cascade calculation is baged on
the isobar model of Sternheimer and Lindenbaum.® Only single- and double~-
pion production in nucleon-nucleon collisions and single-pion production in
pion-nucleon collisions are accounted for. Since the practical thresholds
for ternary-pion production by nucleons and double-pion production by pions
are about 3.5 GeV and 2.5 GeV, respectively, the pion-production model
presently used limits the maximum nucleon and pion energies that may be
considered in NMT,

At present, very little data are available on the isobar angular dis-
tributions. In NMP', an option is provided whereby the scattering angle of
all isobars in the center-of-mess system is selected from one of three dis-
tributions: isotropie, directly forward and backward (with equal probabil-
ity), and 50% isobropic and 50% forward-basckward. Based on the recent work
of Bertini,® the last opbtion is currently recommended. 1

The evaporation portion of the intranuclear-cascade-evaporation calcu-
lation is carried out using a subprogram version of Guthrie's evaporation
code.”’® This code provides the energy and dirvection of evaporated neutrons,
protons, deuterons, tritons, 3He's, and alphs particles, as well as the

excitation and kinetic energy of the recoiling residual nueleus.

%The particular version of the evaporatlon code used 1n NMT is desmgna#ed
APhh hy Guthrie. : AR S




Nuclecn and pion nonelastic collisions with hydrogen nuclei are treated
in NMT using the same isobar model as used in the intrsnuclear-cascade cal-
culations.

Below the NMT cutoff energles, proton-nucleus and pion-nucleus colli-
sions (except for m capture at rest) are neglected. Particle production
from neutron-nucleus nonelastic collisions in O5R is obtained using the
same evaporation code as used in NMT in conjunction with experimental cross—
section data on the O5R/NMTC master cross-section tape.®

2.3 Nucleon-Nucleus and Pion-Nucleus Elsstic Collisions

The elastic collisions of protons sand pions with all nuclei other than
hydrogen are neglected. The inclusion of elastic collisions by neutrons
with nuclel other than hydrogen is an input oygioh in NMT since, in some
instances, these collisions can be neglected without introducing appreciable
error, If these elastie collisions are ineluded, then NMT requires as input
the aprpropriate elastic-scattering cross sections.*¥

The differential cross sections for the elastic collisions of nucleons
and pions with hydrogen nuclel in NMT are taken from experimental data and
are the same as those used in the intranuclearwcascagg‘calgulationsas

The elastic collisions of neutrons in O5R are treated using cross sec-

tions given on the OSR/NMIC master tape.

*The data- contalned on the: OER/NMTC magbel” cvossusectlon tape are. grvan
in Sec. 3.2.5. . ,

BEL method of obtaining the elasnlcwscaxterlng'eross sections needed,by
WMT for those elements. contaaned on ‘the 05H/NMTG master cr055wsect10n ”'
ta@e is d;scussed in Sec. 3. L. 3. B R R L




2.4 Charged-Pion Decsy in Flight

Charged pions are unstable and mey decay into muons and neutrinos.
Charged-pion decgy in flight is teken into account using the known pion
lifetime. The energy and anguler distribution of the muon is obtained by
assuming that the pion decay is isotropic in the rest frame of the pion and
by using the Lorentz transformetion to transform the distribution from the
pion rest frame into the lsboratory system. The neutrino produced is not
considered.

2.5 Charged-~Pion Decay and Capture st Rest

Positively charged pions which come to rest (i.e., reach the cutoff

energy) are assumed to decay immediately into a positively charged muon end

a neutrino, and the energy and anguler distribution of the muon is obtained 5
in the same manner as discussed above for pion decay in flight. Negatively i

charged pions which come to rest mey either decay or be captured by a auc-

leus, depending on the meterial atom density. Accordingly, an option is
provided in NMT as to the treatment of all w -mesons reaching the cutoff
energy. If decay is specified, all 7 -mesons reaching the cutoff energy ?E
are assumed to decay immediately into negatively charged muons and neu. inos. L
If capture is selected, all 7 -mesons reaching the cutoff energy are forced
to undergo nuclear capture, and the energy and angular distribution of the
particles produced as & result of this capture is obtained using the intra-
nuclear-cascade-evaporation model. It has previously been shown that this

model describes the 7 ~cspbure process quite well.®




2.6 Neutrsl-Pion Decay

The neutral pion is very unstable and for practical purposes may be
assumed to decay into two photons at its point of origin. Accordingly, NMT
does not transport neutral pions, although the energy, direction, and spatial
point of the neutral pions produced are written on the nucleon-pion history i
tape.

2.7 Muon Decay in Flight and at Rest

Muons are unstable and will decay into electrons or positrons, depend-
ing on the charge of the muons, and into neutrinuvs. Muon decay in flight
is Taken into account using the known muon lifetime, and muons which come
to rest are assumed to decay immediately. No information for the electrons,
positrons, or neutrinos from muon decay 1s calculated.

2.8 NMT Cutoff Energies

AL S TN AT G e e e kT e e e r e St S e e E T ke

The cutoff energies for proton and neutron transport in NMT are input
variables. The cutoff energy for charged pions is calculated in NMT and

is equal to the proton cutoff multiplied by the ratio of the charged-pion

P S TR L ST S

rest mass to the proton rest mass. Likewise, the cutoff energy for muons g
is calculated internally from the pfoton cutoff and is equal to the proton
cutoff times the ratio of the muon rest mass to the proton rest mass. This
fixed relationship for the chargedﬁpafticle cutoff energies is a consequence A
of using the same range-energy tables for all charged particles.

Input values for the neutron and proton cutoff energies are usually
takéen to be in the 15- to 50-MeV region sinece below this energy region the
residual range of charged particles is very short, and, in general, the
intranuclear—gascadeeevapo?ationrmpdgl becomeszinapplicable.-_The.NMT cut-

off energy for neutrons corresponds to the energy at which a transition is

made from the treatment of nonelastic collisions by the intranuclear-cascade

O —
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evaporation model to the treatment of nonelastic collisions by the evapora-
tion model. The most appropriate value for this trensition energy is not
well defined. However, the work of Alsmiller and Hermsnn? indicate that,
for the cases they considered, at n 15 MeV the intranuclear-cascede~evap-
oration model is to be preferred over the evaporstion model..

2.9 Pseudo Collisions in NMT

MMT provides an option as to whether or not records describing "pseudo"
collisions which occur during ﬁhe transport calculation are to be written
on the history tape. These pseudo collisions arise as a consequence of the
sampling schemes used to determine intercollision distances and the particu-
lar {type of collision once a collision has cccured.” To give a very simpli-
fied description of these sampling schemes, let Z(E) be the actual macro-
scopic cross section for a particular type of collision by a particle with

energy E and let I,, be a maximum cross section for this type of collision

M

such that I,, 2 I(E) for all E. The pseudo cross section for this type of

M

collision is then defined by EP(E) = I - Z(E). Tentative collisions are

M
selected using ;m end then a rejection technique is used to determine if
this tentative collision is a real or pseudo collision. Thus, a tentative
collision will be real with probability E(E)/EM and pseudo with probability
ZP(E)/EM. In the case of pseudo collisions, the direction and energy of
the particle are unaltered. The types of collisions referred to here in-

clude not only nuclear collisions but also decay "collisions" by muons and

charged pions.

¥An exposition of the baéic"Sampling procedures used in NMT has been given
by Coleman, !0 ,
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To improve es£imates of the muon source that results from pion decay,
NMT does not allow pion decay (or muon decay) to occur explieitly. Instead,
the statistical weight of the pion (or muon) is multiplied by the nondecay
probability at each collision. Thus, a contribution to the muon source is
made at both real and pseudo ecollisions. It follows that in a nucleon-pion
calculation pseudo-collision records must be written if muon-source data
are to be read from the nucleon-pion history ‘tape.

Pseudo collisions by nucleons are usually not needed for analysis pur-~
poses. An example of an exception is the case where particle fluxes are to
be caleulated from collision densities.

If psgudo collisions are not needed for subsequent analysis or muon
transport, then it is better that they not be written since pseudo~collision

information can occupy an apprecisble portion of the history tape.

I P
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3{ INPUT DESCRIPTION AND CODE OPERATION
e 3.1 ol
‘3 £ 3.1.1  NMT Input Description
;;ﬁé The order of the input for NMT is as follows:
o 1. The primary NMT input data (described in See. 3.1.1.1).
2. Elastic scattering input data, if any (described in Sec. 3.1.1.2).
3. The geometry input data (deseribed in Sec. 3.1.1.3).
4. Any input required by subroutine S@PRS (described in Sec. 3.1.2).

3.1.1.1 Primary NMT Input

A description of the cards composing the priméry KMT input data is
listed below:
Cards A and B: FURMAT (20Ah)
80 columns each of Hollerith identification for the printed output.
Card C: F@ERMAT (32Z4)
RANDPM: Hexadecimal representation of initial random number
to be used in the generation of random numbers.
Should be positive and end in 1, 3, or 5, '
Cara D: FomaT (m8.k, mB.4, mb.u, 1o, 150, 130, rf0)
a. IMAX: The maximum energy of pérticles being transported
in MeV. EMAX should be less than 3500 for source
nuclepns and less than 2500 for source pions.
For source muons EMAX is arbitrary. However, if
source muon data are to be obtained from g previously
produced nﬁcleonrpion history tape, then by con-

servation of energy EMAX should not be less than

+ -— — o] -
Eﬂgmax Br = By Eﬂsmax 33, where Eﬂ,max is the




b.

d.

.
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value of BEMAX which was input for the nucleon~pion
calculation, m is the charged-pion rest mass, and mL1
is the muon rest mass.

EL@P: The cutoff energy in MeV for transporting protons.

The code computes the cuboff energy for pions as

(pion rest mass/proton rest mass) x EL@P = 0.1L488 x ELGP,

and for muons as

(muon rest mass/proton rest mass) x ELGP = 0.1129 x ELZP.

EL@N: The cutoff energy in MeV for transporting neutrons. Normally
ELPN will be chosen equal to EL@P. For muon transport ELYN
is irrelevant.

MXMAT: The number of different media, exclusive of voids, appearing
in the system. 0 < MXMAT £ 16.

MAXCAS: The number of source particles to be started in each batch.

MAXBCH: The number of batches to be run with the present set of input
data. The total number of source particles initiated with the
present input will be MAXCAS*MAXBCH. For muon transport using
a previously produced nucleon-pion history tape, both MAXCAS
and MAXBCH are calculated in subroutine MFPD; hence input values
for these gquantities are not used although they are written on
the muon collision tape.

N1C@L: If NICPL > 0, each cascade history will be computed only through
the second generation, that is, only through the immediate de-
scendants of source.particles. If N1C@L 5 0, all generations

will be computed. Normaslly NICGL is input as 0 or left blank.

N1CPL is irrelevant for muon transport.




a b ¢ d e T
Card B: F@RMAT (Ii0, Il0, Il0, I10, Iio, I10)

&.

C.

NQUIT:

NBERTP:

ik ’

The number of runs with the present set of input data.
Normelly NQUIT will be input as 1. At the end of

each run, signaled by NCPL = -1 (see 3.1.4), subroutine
USER(NC@IL) is called. The sitsadard version of this
routine is & dummy. The user mgy provide his own
version of USER to output specified variables or to
chenge certain input quantities before the code cal-
culates the next run, if any. In both cases, it will
usually be necessary to include a labeled common

called CPM@N (see page 58). USER is also called at the
end of each batch.

If nucleons and pions are to be transported, NEUTP is
the logical number for the tape on which deseriptions
of neutrons appearing below EL@N are written. If the
transport is for muons and source muons are to be ob-
tained from a previously produced nucleon-pion hiétory §~
tape, then NEUTP is the logical number of the nucleon- -
pion history tape.

The logical number of the tape containing the data
needed in the intranuclesr-cascade and evaporation %
caleulations. If a caleulation is to be made for l

muons , NBERTP should he input as O.
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2NP¢W32. NGROUP is the number of energy

]} d. NPWR2: NGRUP =
M groups used in computing the range and energy tables.
NPgWR2 = 11. DNormally a value of 10 or 11 should be
QE input.

e. NPIDK: If NPIDK is positive, wm mesons reaching the 7 energy

cutoff (= .1488 EL@P) will be assumed to decay at the

spatial point where the cutoff has been reached. For

~ald ezde.

NPIDK £ 0, m mesons reaching their energy cutoff will

be forced to interact via the intranuclear-cascade

RS Tl
SR HO T R N

subroutine. NPIDK is irrelevant for muon transport.

TS W

f. NHSTP: The logical tape number of the nucleon-pion or muon

LA TTe

history tape. If NHSTP is input as 0, it is assumed

4
i
1

that the user will not write a history tape but will

provide his own version of subroutine ANALYZ which

normally writes the history tape.

a b 6. d
Card F: F@RMAT (®10.%, F10.4, 110, 20X, I10)

All of the quantities on this card except NSEUD@ are irrelevant
;? for muon transport.

a. ANDIT: A sigﬁal to indicafe the assumed angular distribution
%: of isobar states produced in nonelastic collisions
with nucleons.

0.: distribution 50% isotropic, 50% forward-backward,

1.: all isotropic,
2!: all forward-backward.

Presently a value of 0.is recommended.

g
¢
i




b.

C.

CTPFE:

NEXITE:

16

A signal to indicate the cutof? energy to be used in
the intranuclear-cascade calculations. Normally CTYFE
should be input as O.

EX, the excitation of the residusl nucleus immediately
following an intranuclear cascade is determined by an
energy balance involving the incident-pariticle kinetic
energy, the escaping particle kinetic energies, and

the average binding energy of the most loosely bound
nucleon in the nucleus (taken as a constant = T MeV).
EREC, the kinetic energy of the recoiling nucleus prior
to evaporation, is computed from a momentum balance in-
volving the inciden£ and escaping-particle momenta.

If NEXITE > 0, the code executes the FPRTRAN statement
BX = BEX - EREC, and this new value of EX is used as
input to the evaporation caleculation., If NEXITE =< O,
BREC is not subtracted from the value of EX that is
compu :ed initially., In this case, the values determined
for EX will be conservatively high since the kinetie
energy of the nucleus is not taken into account. Con-
versely, setting NEXITE > 0 will occasionally result

in & negative value for EX since the scheme for calcu-
lating EX, and then EREC; &oéé‘not yield a precise con-
servation of energy and moﬁéntum. When a negative value

of EX oceurs, the evdporatioﬁ calculation is bypassed.
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Card G:

d.
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NSEUD@: If NSEUD@ > 0, all pseudo collision records in all
media, including internal voids, will be included
on the history tape. For NSEUDO = 0, all of these
records will be exeluded. A contribution to the muon
source is made at all pion collisions. It follows
that in a nucleon~pion calculation pseudo collision
records should be written (NSEUD@ > 0) if muon source
data are to be read from the nucleon~pion history tape.

F@RMAT (E16.3, 130, I10, I30)

ELAS: The energy (MeV) above which elastic scattering of
neutrons with nuclei other than hydrogen is ignored
(< 100 MeV).

NPELLS: The total number (i.e., for all media) of different
nuclide types for which elastic scatiering is to be
considered (exeluding hydrogen).

NELSTP: The logical number of the BCD tape containing the
elastic scattering data for NPELAS nuclides. If
NELSTP is the logical number of the standard input,
the code expects all of the elastic scattering data
to be input on cards after the primary NMT input
data and befors the geometry input data,.

NLEDIT: An elastic-scatbering data edit signal:
=0z ﬁO"edit5
# 0: print-an edit -of ‘all the elastic-scattering

data on the standard output unit.
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The following cards, HM and IM,l""’ HM,NEL(M) are input for each

medium:

a b c
Card Hy: FPRMAT (E10.%:, Ilo, I10)

a. DENH(M):
b. NEL(M):
c. NEEL(M):
Card(s) IM N
a. Zz(w,M):
b. A(NM):
c. DEN(W,M):
d. ID{(W,M):

I U

The density (atoms/cm3) of hydrogen in medium M
multiplied by 10724,

Tuae number of nueclide types otker than hydrogen
in mediwm M., 1 = NEL(M) £ 10.

The number of auclide types (other than hydrogen)
for which elastic scattering is to be considered

in medium M. 0 < N@EL(M) < NEL(M).

a b c da
FORMAT (E10.k, .E10.Lk, E10.k, I10)

The charge number of the Nth nuclide in the Mth
medium.

The mass pumber of the Nth nuclide in the Mth
medium; A{N,M) > 1.

The =ztom density (atoms/em3) of the Nth nuclide
other than hydrogen in the Mth medium mulitiplied
by 10'2“._

Identifier for the Nth elastic-scattering nueclide
in the Mth medium., O £ ID(N,M) £ N@ELAS. ID

gpecifies the position of the elastic-scattering

 data cards Tor nuelide (N,M) (cards J through @,

described in Sec. 3.1.1.2) in the elastic-scat-

!teriﬁg‘inputvdata..
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The order cof the IM,N cards for a given medium must be such that all
nuclide types that are elastic scatterers are listed first; i.e., the first
N@EL(M) nuclide types should be elastic scatterers with ID(N,M) > 0. If
elastic scattering is not desired for a particular nuclide, then [D(N,M) for
this nueclide should be 0. If elastic sca®tering is not used for any nuclide,

then ELAS, N@ELAS, NELSTP, NLEDIT, N@PEL(M), and ID(N,M) should all be zero.

The media numbers seleeted must start at 1 and run counsecutively through

MXMAT,

The order of the HM and IM,N cards is: Hl’ Il,l’ I1,2’°"’ Il,NEL(l)’
Hy, Ie,1° Ie,z""’ I2,NEL(2)""’ Hymame IMAT,J.’ IMXMAT,2""°
hyvam, wEL (MoaaaT) *

3.1.1.2 Elastic-Scattering Ingut*

If so specified on cards G, HM’ and T r above, NMT will treat the

M,
elastic scattering of neutrons with nuelei other than hydrogen in the energy
range from ELPN to ELAS. The neutron direction after scatiering is chosen
from the linearly anisotropic distribution P(u) = (1 + 3f1u)/2, where u is
the cosine of the scattering angle. The elastic-scattering cross sections
and fl values at various energy pcints from EL@N through ELAS are required
as input by NMT.

The input format for the elastic~-scattering data is given below. It
will be assumed that NELSTP on Card G is specified as the logical number

of the standard input so that card input is used for the elastic-scattering

data.

%A method of obtaining elastic-scattering data from the O5R/NMIC master
cross-section tape in the Tormat required for NMT is given in Sec. 3.1.3.
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.{l; Card J: FYRMAT (I3, I?, 15, I?, F10.5, 5§6)
) a. IDT(1l): Element identifier [conventionally, equal to (the
-;;; charge number) x 1000 + (mass number), with mass
number equal to zero for elements having natural
isotopie composition].
b. IDT(2): Cross section identifier (conventionally, £ for
51?‘ elastic-scattering cross sections, Tl for 1’1 values ).
c. IDT(3): May be left blank.

d. IDT(L): Number of following cards K which contain elastic-

scattering cross sections.
e. TMAS: Atomic mass of element.
:g t. Thirty characters of Hollerith input.
‘fﬂ The only number on Card J which is used internally by NMT is IDT(L4),
all other input is for identification purposes only.

a b
Cards K: TF¢RMAT (E15.5, E15.5)

a. ES: Energy, in eV, for the elastic~scattering cross
section.

b. BIGE: Elastic—scattering cross section, in barns, at
energy ES.

Card L: Blank card.
Card M: This card has the same format as Cafd Jd and should contain
the same information except that IDT(4) now refers to the

number of Cards N containing fl values.

a b
Cards N: FPRMAT (¥15.5, E15.5)

a. EF: Energy5 in eV, for the fl:vamues.
b. Fl: £, value at energy EF.

Card ##: Blank card.




;
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The series of K and N cards must be arranged in order of decreasing
energy, and the highest energy value must be 2 ELAS and the lowest value
must be £ EL@PN. There must be N@PELAS sets of cards J through @, and the

order of these sets must be correlated with ID(N,M) on card I To il~-

M,N"
lustrate, consider a material configuration containing two media with
medium 1 composed of hydrogen., oxygen, and aluminum and medium 2 composed
of oxygen and lead. Suppose that neutron elastic scattering is desired

for all nuclides except lead and that oxygen is listed as the first nuclide

on card I Then N@ELAS = 2, N@EL(1) = 2, ID(1,1) = 1, ID(2,1) = 2,

M,§°
NgEL(2) = 1, ID(1,2) = 1, and ID(2,2) = 0. Thus, the elastic-scattering

data for oxygen would be input'first and followed by the data for aluminum.

3.1.1.3 NMT Geometry Input

The geometry routines in NMT are identical to those used in 05R, and
the geometry inpuf is described in the O5R manual.l! However, internal voids
in NMT éggz_be designated by medium number 6666 in the geowmetry input,
whereas in the O5R geometry input internal voids are designated by medium
number 1000, Particles in NMT may undergo pseudo collisions in medium 6666.
The statistical weight of a pion or muon is reduced at these ccllisions to
account for decay. For nuclecas, the total cross section in medium 6666,
which is.equal to ﬁhé pseudo cross section, is.arbifrarily.set equallto

the meximum pion decay cross seetion.
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3.1.2 Source-Particle Description

The source-particle data required by NMT are as follows:
E(1) = the source particle kinetic energy in MeV;

X(1)

the source particle x position coordinate in cm;

i

Y(1) = the source particle y position coordinate in cm;
Z(1l) = the source particle z position coordinate in cmj

U(1) = the source particle x direction cosine;

V(1) = the source particle y direction cosine;

w(1)

the source particle z direction cosine;

WT(1l) = the source particle statistical weight;

TIP(1)* = the source particle type:

0. = proton

! 1. = neutron
2., = n+
3. = 7
L, =
5. ="
6. = u

The above source-particle data muét be furnished in subroutine SERS
(NCgL), ﬁhich is written by the user. S@RS is ealled when NCYL = -1
(start of run),‘NCQL = 1 {source particTé)” and NéﬁL —h (end of run)
Any input reguired by S@RS should be read in when S@RS is called Wlth
NCPL = -1. Since the parameteﬁs E(l) through TIP(l) are stored in

labeled common CPMPN, this common must be included in subroutine S@RS.

A description of the varisble list in common CEMEN con be obbtained from

*The source-particle type should never be assigned a value of 3 since w 'v:ﬁ'“ ﬁ
particles are not transported in NMT. : o
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the listing of subroubtine S@RS used for the NMTC sample problem (Sec.rh).

In NMT muons are transported in a separate calculation from nucleons
and pions. If NBERTP < 0 (see Sec. 3.1.1.1), it is assumed that all par-
ticles are muons, whereas 0 < NBERTP indicates that all particles are either
nucleons or pions. The user should choose values for TIP(1) that are in
accordance with the value of NBERTP. When muon source data are to be read
from a previously produced nucleon-pion history tape, subroutine S@RS {wegL)
should contain the FPRTRAN statement CALL MFPD(NC@L). Subroutine MFPD calls
REDNMT (see Sec. 3.1.L4) to read the nucleon~pion history tape and calculates
parameters E(1) through TIP(1l) for each source muon. It is assumed that muons
are created from pion decay that occurs isotropically with respect to the

pion at rest.

3.1.3 Obtaining NMT Elastic-Scattering Data: Program PUNCR@SS

One source of elastiec-scattering data needed by NMT is the OS5R/NMTC

master cross-section tape. This tape contains elastic-scattering cross sec-

tions and f. values in the energy range of interest for a variety of elements.”

1

The program PUNCR@SS is provided to read the master cross-section tape and to
output on cards the elastic-scattering date needed by WMT. These output cards
from PUNCR@SS have the same format as cards J through  described above and
can be input direcly into NMT.

The program PUNCR@ESS was obtained by modifying slightly the O5R auxiliary
program PUNCHSIG. Whereas PUNCHSIG punches cross seetions at all energy points
present on the master tape for a specified element and cross-section type.,

PUNCR@SS punches only those cross sections in a specified energy range.

*A llst of the elements for which cross sectlons are glven on. the OER/NMTC
master tape is glven in Sec. 3.2.5. '
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The input description for PUNCR@ESS is as follows:
Card A: F@RMAT (f%, %%)
a. MTAPE: Logical tape number of the master cross-section
tape.
b. NTAPE: Logical number of the punch tape for card output.
Card B: F@RMAT (El%.h, Elg.h)
a. EL@N: The lower energy limit (MeV) for which cross
sections are desired. Normally, this energy
should correspond to the neutron energy cutoffl
used in NMT (BL@N in NMT input).
b. ELAS: The upper energy limit (MeV) for which cross
sections are desired.
The punched card output will contain cross sections in the energy range from
the first energy point on the master tape below ELYN through the energy
point on the master tape equal to (or the first above) energy ELAS.
Card(s) C: F@RMAT (f%g %%)
a. IDEIM: Element identification number of cross sections to
be punched.
b. IDSIG: Cross-section identification'number of cross sections
to be punched.
The conventions used for IDEIM and IDSIG are given in Section 3.2.5. Card C
must be repeated for each set of cross sections to be punched.
Card D: Blank eard
Card D terminates the case for which eross sections are to be punched in

the energy region-spegifigd by Card B. Cross sections in a different energy

range may be obtained by,repeaﬁihg‘thETsétfbf_dard3’35 C;;gg, C;jD‘*lmhefdﬁderf~ \

of the punched card owtput for a given crossisecti

order in which the,crqss §§ctibnéﬁéﬁé;@é@ﬁé&te&_ ¥ Cards C.
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The program terminates by reading the end~of-file on the standard input
tape. The logical numbers for the standard input and output are set in-

ternally to 5 and 6, respectively.

‘;? The printed output from PUNCR@SS includes cross sections at all energy
s points on the master tape corresponding to IDELM and IDSIG. This is followed
by the printed ocutput for cross sections requested in the energy range from

ELGN to ELAS.

3.1.4% NMP Analysis by History Tape

The standard version of NMT writes on tape a series description of in-

dividual events which constitute the cascade initiated by source particles.
Creating such a history tape has the advantage of allowing repeated and various
analyses of the same data. The‘particle events are characteriged by event or
"eollision" parameters. When a history tape is to be ecreated, the standard

version of subroutine ANATYZ (NC@PL) writes at least one binary FPRTRAN record

per particle event. These records contain values for the following collision
parameters:
1. NCPL: An integer identifying the type of "eollision.”
NC@L: -4 End of run

~3 End of batch

~2 Not presently used

~1 Start of run

0 DNot presently used

1 BSource-particle data

2 Nuclear interaction (nohabéorption}

3 A charged particle has slowéd to its energy

“eutoff




12.

13.

1l

.15-

N@CAS :

MAT:

R:

RC:
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L Particle escape from system

Pseudo collision

1

6 Nuclear sbsorption

T Internal medium boundary crossing
An integer identifying the current cascade.
An integer identifying the current particle within
the current cascade.
An integer identifying the medium prior to the current
event.
An integer identifying the medium of the cuzrent event.
At an internal boundary crossing or an escape, MAT and
NMED will identify the old and new media, respectively;
at all other events, MAT and NMED will have the same

value.

The position coordinates of the preceding event in cm.

The position coordinates of the current event in 2om.

The statistical weight of the partiecle before the event

at (XC, ¥YC, zC).
The statistical weight of the particle after the event

at (XC, YC, ZC).
The kinetic energy of the particle at (X,Y,Z) in MeV.

The kinetic energy of the particle at (XC,¥C,ZC) in MeV.
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16.] U

The %, ¥y, and z direction cosines, respectively, of 5

7.3V |
the particle at (XC,YC,ZC). ;

8.1 W ;
‘
19. TIP: The particle type: ]

0 = proton i

!
1]

newtron

£ W n
1} I it
= ! 3 =

A
i
=

6 =1
20. B@ID: A packed word giving the geometric block and zone
location of (X,Y.Z).

21l. BLZ: A packed word giving the geometric block and zone

location of (XC,YC,ZC). ' i
22. LELEM: An integer identifying the struck-nucleus type within i
a medium:

LETEM: -1 Hydrogen

0 The value given when a pseudo collision occurs !
ly 25... The nuclei types, excluding hydrogen,
according to the order in which they
are given in the input
23. N@PART: The mumber of intranuclear-cascade particles produced in
a nuclear .:teraction; for pseudo collisions NEPART = -1.
24, NAB@V: The total number of intranuclear-cascadé particles pro-

duced gbove the cutoff energies in a nuclear interaction. o i

ety g et RO
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25. NBEL@: The total number of intranuclear-cascade particles pro-
duced below the cutoff energies in a nuclear interaction.

26. APR: The mass numbher A of the residual nucleus after intira—

nuclear cascade and evaporation.
E 2T7. ZPR: The charge number Z of the residual nucleus after intra-
| | nuclear cascade and evaporation.
28. EREC: The kinetic recoil energy of the residual nucleus after
evaporation in MeV.

29. EX: The excitation energy of the compound nucleus prior to

_ evaporation in MeV.
30. HEVSUM: The sum of the kinetic energies of all charged particles,

other than protons, which are emitted during nuclear

-
ok
S
it
K
o
K
i
2y
1
b
o
h]
-

evaporation.
3. UU: The excitation of the residual nucleus after evaporation.
32, NPART(1)
x "~ through through
4 37. NPART(6): The number of evaporated neutrons, protons,

: deuterons, tritons, 3He's, and alphas,

. respectively.

E For start of run, end of batch, and end-of-run "collisions," only NCOL
is relevant, and parameters 2 through 37 are zero. For source "collisions"
EC, XC, ¥C, and ZC are undefined; the energy and position of source particles
are stored in &, X, ¥, and Z. ‘Parameters 26 through 37 are relevant only for

NCPL = 2 or 6, and parameters 22-25 are relevant only for NOGL = 2, 5, or 6.
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If a nuclear interaction oceurs and NABPV is greater than zero, a

record of the products having energies above cutboff is written containing:

NAMEA(T):
TIPA{I):
EA(I):
UA(I)
va(I)
WA(T)

Wra(I):

The name of the product particle.
The type of particle (see values for TIP).

The kinetic energy of the particle in MeV.

The x, y, and z direction cosines of the particle,

The statistical weight of the particle.

The index I runs from 1 through NABPV. An NABPV record is not written for

pseudo collisions. At these collisions, the particle name, type, kinetic

energy, and flight direction cosines arve unaltered and are given by NAME, TIP,

EC, U, V, and W, respectively. However, for pions and muons the statistical

weight will be decreased so that WI' < @LDWT.

If NBELY

is greater than zero, a record of the products having energies

below cutoff is written containing:

TIB(I):
EB(TI):
UB(T))

VB(I)

et

WB(I)

/
WIB(I):

The type of particle (see values for TIP).

The kinetic energy of the particle in MeV.

The x, y, and & direction cosines of the particle.

The statistical weight of the partiéle.-

The index I rums from 1 through NBEL@.

P S
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If NPART(J) is greater than zero, a record of evaporation products is

}%i written containing:

WIEVAP: The common statistical weight of the evaporated particles.

EPART{K,J): The energy of the Kth evaporated particle. The index K
runs from 1 to NPART(J). A maximum of two records will
be written corresponding to neutrons (J = 1) and protons

(7

2).

HEPART(K,L): The energy of the Kth evaporated particle of the Lth type.

A maximum of four records will be written corresponding
& to deuterons (L = 1), tritons (L = 2), 3He {L = 3), and
alphas (L = k),

Subroutine REDNMT is provided to resd the history tape. The user's

anelysis program should call subroutine REDNMT to read each particle event

on the tape. REDNMT stores collision parameters 1 through 37 and any

NABGV, NBEL@, or NPART(J) data for the event into a labeled common called
IABEL. The call statement for REDNMT is CALL REDNMT. There are no arguments
in the call statement since all communication between REDNMT and the user's
analysis program is through LABEL. The user's analysis program must set

NHST (the logical number of the history tape to be read) and I {the logical

number of the tape for printed oubtput) before the first call to REDNMT. ¥

¥REDNMT increments the logical nuiber of the history tape {NHST) each time
an end-of-tape (or end-of-file) marker is read. Whethér or not this

marker is detected by the program depends upon the manner in which the
local operzating system handles multiresl-data sets. Forthe ORNL operating
system, the end-of-tape marker is not detected by the program so that NHST
is unchanged irrespective of the number of +tapes to be analyzed.




Common LABEL should appear in the user's NMT analysis program as:
C@MMPN /LABEL/NHST ,N , TN, I} ,NCPL ,N@CAS ,NAME, ,MAT ,NMED , LELEM , NPART ,
NAB@V , NBEL( ,MAXBCH ,MAXCAS ,M{MAT ,NGRYUP ,NPIDK ,N1C@L,NQUIT ,NEXCT,

NPART(€) ,NEL(8) ,NAMEA(40) ,X,Y ,%,X%C,¥C,%C,@LDWT,WT,E ,BEC U,V ,W,TIP,
APR,ZPR, #REC ,EX,HEVSUM,UU, EMAX ,WTEVAP,2%(10,16) ,A(10,16) ,8IG6G(10,17) . :

STeMX(T7,17) ,HSIGG(5,17) ,TIPA(L0) ,BA(L0) ,UA(k0) ,VA(LO) ,WA(kO) ,WTA(LO), g

TIB(Lk0),xB(%0),UB(L0},VB(40) ,WB(L40) ,WTB(40) ,EPART(100,2) ,EMIN(T),

B@LD ,BLZ ,HEPART (100,4)

Most of the variables in LABEL have been defined previously in the NMT i
input deseription (See. 3.1.1.1) or in this section; the others are defined
below: i

N: Value of NBERTP used in NMT input. Eé

IN: Not used by REDNMT.

SIGG,SIGMX,HSIGG: Cross sections which are used by NMT and are written |

on the history tape. ?

EMIN(I)Q The cutoff energy in MeV used by NMT in transporting particles |
of type I. I = 1,...,7 corresponds to protons, neutrons, ﬁ+, i

P, 1, u, and u”, respectively. [EMIN(4) will b 0. as NMT

does not transport neutral pions. ] i

The above variables (N, SIGG, SIGMX, GSIGG, and EMIN), as well as most

of the NMT input data, are written on the history tape at the start of run

PR T Y Y e L RO A o s e v

and are read and printed on I@ by REDNMT.
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3.).5 Analysis During Transport Calculation

One may choose not to write a history tape, in which case the user must
replace the standard version of subroutine ANALYZ(NC@L) with his own version.
Pertinent information is then obtained via the nonstandard subroutine ANALYZ
(NCOL)} during the NMT transport célculation. ANALYZ (NC@L) is called by the
main program in NMT, and the particular event type is indicated by the value
of NC@L. Collision parameters are stored in common CEM@N.

3.1.6 Program ENMT

An NMT history fape may be edited using the program ENMT. This program
prints all of the collision parameters for each particle event. The oubput
of ENMT is useful for uncovering analysis program errors and will often pro-
vide the user with a better understanding of how NMT operates.

The input description for this program is as follows:

Card A: ('_r%o, II:EO, ﬁo, I.%o, 130)

a. NHSTP: The logical number of the history tape.

b. NBCH1l: The batch number in which editing will hegin,
NBCH1 zZ 1.

c., NCAS1: The cascade number (within NBCH1) at which
editing will begin, NCAS1 2 1.

d. NBCH2: The batch number in which editing will
terminate, NBCHZ2 2 1.

e. NCAS2: The cascade number (within NBCH2) at which editing
will terminate. If NCAS2 is input as zero, an
edit will be obtained‘throﬁgh the last cascade
in NBCHE. R

ENMT consists of a main program and subroutine REDNMT.

‘

1.
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3.2 925

3.2.) . Modifications tc the standard version of OER*

The standard O5R routines BANKR, GETNC, INELAS, MAIN, MS@PUR, and
@UTPT have been madified for the NMTC version of 05R. Also, subroutines
DRES, QVAL, D@ST, ENEBGY, and DN2ZN have been added to the standard version.
Subroutine MS@UR has been modified to read source neutron data from the
neutron tape generated by NMT.

3.2.2 O5R Input

The order of the input for the NMTC version of O5R is as follows:

1. Input required by the standard version of O5R, which is
described in the O5R manual.! (Since the NMTC version of
reads the neutron source data from the neutron tape generated
by NMT, all source parameters on Card G of the standard
input may be left blank.)

2. A card giving the logical nuwber of the neutron source tape
(F@RMAT I5). 'This is the NEUTP tape generated by NMT.

3. Iunput for subroutine INELAS (described in Bec. 3.2.3).

3.2.3 Nonelastic Collisions in the NMI'C Version of 0O5R

The treatment of nonelastic collisions in O5R is left to the discre-
tion of the user. The description of nonelastic ecollision products is com~
puted in subroutine INELAS. In the NMIC version of O5R, nonelastic colli-
sions with nuclides other than D and %Be are treated using compound nucleus

formation followed by nuclear evaporation. To accomplish the evaporation,

FThe standard version of O5R is: considered here to be the version presently
available for distribution by +the Radlatlon Shleldlng Information Center,
Oak Ridge National Laboratory, Oak Rldge, Tennessee, 37830
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INELAS calis subroutine DRES, which is a subroutine version of the EVAP-k
evaporation code.”/ Nonelastic collisions with deuterium are treated using
the scheme suggested by Kalos, Goldstein, and ng}l in which it is assumed
that the momenta of secondaries are uniformly distributed in the center-of-
mass system. For beryllium, the nonelastic process is assumed to be en~-
tirely (n,2n) with both neutrons being emitted isotropically in the lab-
oratory system. The energy spectra of these neutrons are obtained from the
data of Buckingham, Parker, and Pendle‘bury.12
The input for INELAS is as follows:
Card A: FPRMAT (f%)
a. NBT: The logical number of the tape containing the data
for the evaporation calculgtions. This is the same
as the NBERTP tape used by NMT. INELAS reads over
the intranuclear-cascade data and then reads in the
evaporation data.
The evaporation data are the same as those described
in ref. T. If °Be and/or D are the only materials
used, then NBT should be input = 0 and no tape supplied.
Card By: P@RMAT (15, %) |
a. M{EL(M): The nunber of inelastic scabbterers in medium M.

b. ID(M): The number o. els.tic scatterers in medium M.

¥The DRES subroubine is also used for evaporation in NMT and is identical
to the 05R DRES ezcept for one labeled common.
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a b
Card C, FgRMAT (E10.0, E10.0)

<
T 2
4 a. ZNB(K,M): The charge number of the target nucleus for the

E Kth inelastic scatterer in medium M.,
5 b. ANG(K,M): The mass number of the target nucleus for the Kth

inelastic scatterer in medium M.
; M must be £ 16 and K must be £ 8. The order of the inelastic
scatterers in a given medium must be the same as the order used
in generating the systems data tape.

3.2.4 Cross—Section Regquirements for the NMPC Version of O5SR

Some care must be exercised in specifying the cross-section input to the
NMIC version of O5R so that the nonelastic subroutine INELAS is called with
the proper probability. Since O05R does not allow low-energy neutron absorp-
tion to ocecur explicitly, the neutron weight is reduced at each collision
site by the nonabsorption probability. Consequently, subroutine INELAS should

be called with probability (Z - za)/zt, where I is the nonelastic

nonel onel

cross section, Za is the cross section for low-energy neutron absorption,

and Zt is the total cross section. In the context of the cross-section

nomenclature used in the 05R manual,l (z - Ea) takes on the same meaning

nonel

as the "inelastic" cross section and the "scattering" cross section corre~
sponds to ES = zel + Znonel - Ea, where ZE¢ is the cross section for elastic
scattering. The formal definition of the total cross section is unchanged

(¢, = zs + za).

t
for most elements.the iow;enefgj néﬁtfén abébrption is”dﬁe eﬁtiiely to

radiative capture, Theré'aré,:pgwevegggnotabié~¢xcéptionl  ?0: 33&@;1&,

nitrogen has a large (n.p) créss sectioﬁ for ﬁhérﬁal anﬁ ebithe?mﬁi ﬁeutrons,

and this cross section should be included in 3, and subtracted from .
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in energy range from thermal to, s&y, an energy near the first excited level
of the compound nucleus. Otherwise, INELAS could be entered by, say, a
thermal neutron, and erroneous results would be obtained.

In summary, the following comstraints should be noted in preparing the

input to the NMTC version of O5R:

1. In preparing the systems data tape (C@PDE 6), the elastic-scattering
crogs sections for all nuclides should be called for before the
"inelastic"-scattering cross sections. (This order is made
necessary by the manner in which sebroutine INELAS is programmed.)

2. The cross sections needed are total, elastic, and nonelastic minus
low-energy neutron absorption. These cross sections are specified
on Cards D of the C@DE 6 irput.

3. On Card D of the primary O5R input, LF1 should be input as zero
for all "inelastic" scatterers since the actual angular distri-
bution is computed in subroutine INELAS for nonelastic inter-
actions. |

3.2.5 Cross Sections on the O5R/NMTC Master Cross-Section Tape

The master cross-section tape referred to here is designated as
"OSR/NMIC" to distinguish it from the "O5R" master cross-section tape that
is made available by RSIC* as part of the code package for the standard
version of O5R. The principal difference between these two cross—section
libraries is.that the crose sections-fof most elements on the OSR/NMTC tape

extend to higher energies than those present on the O5R tape. The two

*Radiation Shleldlng Informatlon Center, located at the Oak Ridge National
Leboratory, Oak Rldge, Tennessee, 37830.
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libraries also differ in that the elements for which cross sections are given
are not the same, and cross sections given for some elements that are present
on both tapes have been taken fram different sources.

A list of the cross sections contained on the OSR/NMTC master cross-section
tape is given in Table I. A particular cross~section set is identified on the
tape by an index denoting the element and an index denoting a particular type
of cross section for this element. The index for element identification (which
is used to denote both elements and isotopes) is, by convention, 1000 x Z + A,
vhere Z is the atomic number and A is the mass number. A is set to zero for
elements having a natural isotopic composition. The following convention is

used for cross~section identification:

1 = total

2 = elastic scattering

.9 = nonelastic

19 = nonelastic minus low-energy neubtron absorption
20 = (n,y)

21 = (n,p)

Tl =-the fl'values_for elastic scattering

A complete edit of the cross~section tape can be obtained by running

C@DE 3 of the XSECT code.
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TABLE I
Cross Sections on O5R/NMIC Master Tape

Highest
¥ Element Cross Energy
R Element Identifier Sections (MeV)

f' H 1001 1, 2, 20 100
: c 6000 1, 2, 9, T1 100
e N 7000 1, 2, 9, 19, 21, 71 100
l 0 8000 1,2, 9, 19, 20, 71 100
'Z Na 11000 1, 2, 9, 19, 20, 71 25
ﬁ; Mg 12000 1, 2, 9, 19, 20, T1 o5
fg Al 13000 1, 2, 9, 19, 20, 71 100
4 51 14000 1, 2, 9, 19, 20, TL | 25
P 15000 1, 2, 9, 19, 20, TL 19
S 16000 1, 2, 9, 19, 20, TL 18
| c1 17035 1, 2, 9, 19, 20, T1 15
% K 19000 1,2, 9, 19, 20, 71 25
j Ca 20000 1, 2, 9, 19, 20, 71 25
;ﬁ Ti 22013 1, 2, 9, 20, 71 30
]
A Fe 26000 I, 2, 19, T1 100
Cu 29000 1,2,9, T - 100
cd 18112 1,2, 9, 19, T1 15

Pb 82207 1,2, 9, 19, 71 100
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3.2.6 RED@5R
Subroutine RED@5R (L@Gl, L@PGMAX, NTYPE, NWPC@PL) is available to read

O5R history tape(s). The arguments are defined as follows:

LPGL = The logical number of the first history tape.
“;fé * LPGMAX = The logical number of the last history tape. If there
E are M history tapes, then LUGMAY = L§GL + M - 1.
NTYPE = An integer denoting the type of data returned by RED@SR;
NTYPE: O normal "collision" data

1 end of bhatech

3 end of run
' ;§ NWPCQL = The number of words (collision parameters) per collision,
d 1 £ NWPC@L <
j The first calling of RED@5R must provide values for the arguments L@G1,

LPGMAX, and NWPCPL. The value of NWPCPL is obtained from the printed O5R

output. NTYPE is returned to the calling program by REDPSR. A return with

NTYPE = 0 indicates that RED@US5R has stored values for the collision parameters

in lebeled common PARAMS, PARAMS should coatain NWPC@L parameters in the

same order as indicated by the NBIND values on Card I of the O5R input.

Example: Suppose NC@iL, SPDSQ, U, V, W, X, Y, Z, and WATE were selected as
collision parameters on Card I of the O5R input. Then NWPCPL = 9
and common PARAMS should appear in the O5R analysis prograr as:

COMMPN /PARAMS /NC@LL ,SPDSQ U, V,W,X,Y ,Z , WATE

#The footnote on multirveel data sets given in Sec. 3.1.4 applies here also.
If the loeal operaklng system.does not prov1de the user's program.w1th
any indiecation of an end—of—tape encounter, then LQGMAX is 1rrelevant
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L, NMIC SAMPLE PROBLEM

4,1 Bample Problem Description

Input, output, and appropriate analysis routines will be illustrated
for a sample NMTC calculation. Consider a beam of 1500-MeV w+~mesons
normglly incident on a Pb slab 18-cm® thick in the z direction and infinite
in the x and y directions. The source is uniformly distributed over the
slab surface at 2z = 0 cm and has a strength of 1 particle/cmz-sec (see
Fig. 1).

To define the quantities that will be calculated by the analysis pro-
grams, let

Jﬂ(z,E,ﬁ;i)dEdﬂ

be the expected number of-particles of type i at space coordinate z, with
energy B in dE, going in the direction specified by the unit wvector & with-
in the element of solid angle df per unit area normal to Z per unit time.
Here, 2 is a unit vector that is normal to the slab in Fig. 1 and is in the

direction of positive z. The values of i have the following meanings:

_i Particle Type
1 proton
2 neutron
3 w
5 T
6 p
7 u

 ®This fhldkness is equzvalent to 20k g/cm? or roughly l mean free path

based on the w nonelastlc cross sectlon at 1500 MeV. -
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1 particle/cm? -sec

Fig. 1. Source and Material Geometry for Sample Problem.




ko

Further definitions are:

. 8+§>0 B, (i) R
Tolz3i) = [ ae [ aE J,(z,B,8;1)

E (i)

1

2+{<0 E, (i) )

J(z3i) = ag [ dE J,(z,E,0;1) .
2 . 4

B, (1)

These quantities will be referred to as the positive and negative par-
tial currents, respectively, where i denotes the particle type. J;(z;i)
and J;(z;i) are calculated in the sample problem for z = 0, 6, 12, and
18 cm.

The E, (1) values correspond to EMAX and are 1500 MeV for nucleons and
pions and 1533 MeV for muwons. For protons, pions, and muoﬁs, the values of
El(i) correspond to the cutoff energies for those particle types in NMT.

A value of 15 MeV is used for the proton and neutron cubtoff energies in NMT.
From the proton cutoff, it follows that the cutoff for pions is

15 x 0.1488 = 2.23 MeV. The muon cutoff is selected as 0.1 MeV, so that

in the muon-transport caleulation ELPP is input as 0.1/0.1129 = 0.8857 MeV.
O5R is used to transport neutrons below 15 MeV, and thermal neutrons are
transported using 2 one-speed model with isotraopic scattering in the lab-

oratory system. Hence, E (2) = 0. In summery, the values of E (i) are:




!
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i E, (i)
1 - proton 15.00 (MeV)
2 = neutron 0.00
3 - at 2.23
5 - T 2.23
6 - 0.10
T - u 0.10

Negative pions reaching 2.23 MeV are assumed to undergo nuclear interaction;
i.e., NPIDK is input as 0.

When an internal boundary is specified in the geometry input, medium
boundary crossings will be reported only if the adjacent regions are assigned
different medium numbers. For this reason., the geometry is specified using
two media as shown in Fig. 2. The cross sections and densities of media 1

and 2 are, of course, identical.

4.2 Intercode Information Transfer

Figure 3 illustrates the code-to-code flow of information in running
the sample problem. The NMT nucleon-pion~transport and NMT muon-transport
blocks in Fig. 3 are enclosed by a dashed line because for the sample problem
both transport caleculations are carried out in the same job step; that is,
the input data for nucleon-pion transport are followed by the input data
for muon transport. At the end of the nucleon-pion transport calculation,
NMT reads the muon input data and then performs the muon transport calcu-
lation. In Fig. 3 the nucleon-pion history tape, which is read both by the
NMT analysis prbgram and by WM for the muon source, is labeled "NHSTP(NEUTP)"
when uéed'és the_ﬁuonQSOurce tape. :Ehié fapé is désignated‘aé NHSTP when

created by NMT in the nucleon-pion caleulation ard is designated as NEUTP
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TAFE DESIGNATIONS:
MTAPE = O5R/NMTC MASTER CROSS SECTION TAPE
NTAPE = O5R SYSTEMS DATA TAPE

NBT = NBERTP = TAPE CONTAINING DATA NEEDED FOR INTRANUCLEAR -CASCADE AND
EVAPORATION CALCULATIONS.

NHISTR = 05R HISTORY TAPE : _
NHSTP = NMT NUCLEON-PION HISTORY TAPE
NHSTP! = NMT MUON HISTORY TAPE

Fig. 3. TFlow of Information for NMTC Sample Problem.

MTAPE lMTAPE
XSECT
et PUNCROSS
NMT ELASTIC SCATTERING
NTAPE INPUT DATA (CARDS)
¥ NSERTP [ © [ ——— ¥
= NMT: NMT: i
NBT ol 05R e NEUTE NUCLEON - PION WHSTP NEUTR .l muoh | !
i1 TRANSPORT TRANSPORT | |
: - !
| PRI § .t ot o > T3 " 11 et o = PTY P 0 —_ et = e TP o at J
NHISTR NHSTP NHSTP’
¥ Fo--——- L et ———
|
05R ! | NUCLEON-PION MUON
ANALYSIS Ll AnaLysis ANALYSIS
I .
e e e e e e e e ————————
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f in the NMT input for muon transport. The nucleon~pion-analysis and muou-
anaglysis blocks in Fig. 3 are enclosed by dashed lines because both analyses
are done in the same program in the sample problem.

4.3 Listings of Input. Output, and Analysis Programs for Sample Problem

p The card input for program PUNCR@SS, which generates the elastic-
scattering data needed by NMT, is given in Table II, and the printed output

is shown in Table III.

Lol e, BN S A L AT T e S e

a A listing of the NMT subroutine S@PRS, which was written specifically

for the sample problem, is shown in Table IV.

IR IR
R E o - T E]

Card input and printed output for NMT are given in Tables V and VI,
respectively.

§ A listing of the NMT analysis program written for the sample problem

is given in Table VXTI, and the card input and printed output are given in
: Tables VIII and IX, respectively. The input consists of two cards. The

first card contains the logical number of the nucleon-pion history tape

o L g b £

(FGRMAT I10) and the second card contains the logical number of the muon

history tape (F@RMAT I10).

L R R R 2R

Input and output for CEDE 6 of the XSECT program, which is used to

generate the O5R systems data tape, are shown in Tables X and XI, respec-

PR SVEI LN

tively.

Card input and printed output for O5R are given in Tables XII and XT1I,
respectively.

A listing of the OS5R analysis pfogram written for the sample problem
is given in Table XIV, and the card input and printed output are given in
Tables XV and XVI. Iﬁpu%‘féf'the'O5R:aﬁéi§$is,consists of oné.card,

F@RMAT (5I5), containing values for the following quamtities:
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a. L@PGl (see Section 3.2.6)
b. LPGMAX (see Section 3.2.6)
c. WNWPCPL (see Section 3.2.6)
d. MAXCAS (see Seetion 3.1,1.1)

e. MAXBCH (see Section 3.1.1.1)

The NMT edit program ENMT has been run to print the first cascade
of the first batch contained on the nucleon~pion tape to illustrate the
type of output provided by this progrem. The card input and printed output

are'given in Tables XVII and XVIII, respectively.
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TABLE IT
Input for PUNCR@SS Program

.9 52
15.0 100.0
82207 2

82207 71
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ENERGY (EV) CKOSS SECTION

0. 10000E 09

. 0.90000E 08
. 0,80000E 08
:0. 70000 08

0.60000E 08
0. SS000E 08
0.50000E 08
0.4S000E ¢
0.44000E 08
0.43000E 08

ELEMENT=82207
SIGMA= 2
INTERPOLRTION= 8
POINTS= 591
MASS= 0.0
ELASTIC
ENERGY (EV) CROSS SECTION
0.25599€ 01  0.940S9E 07  0.23030E 0!
0.27380E 01  0.90000E 07 0.23494E Ol
0.26499E 01  0.B9472E 07 0.2363% Ol
0.24603E 01  0.BSIOBE 07  0.24895E Ol
0.2129% 01  0.80957€ 07 0.26182E Ol
0.20570E 01  0.80000E 07 0.26493E Ol
0.20300E 01  0.77009€ 07 0.28230E 01
0.20580E 01  0.73253€ 07 0.30582€ Ol
0.2056% 01  0.70000E 07 0.32792E Ol
0.20356E 01  0.696BIE 07 0.33024E 01
0.20240E 0!  0.66282€ 07 0.3S601E Ol
0.20321E 01  0.63050E 07 0.38263E 0!
0.2079% 01  0.60000E 07  0.40992€ Ol
0.23035€ 01  0.53975€ 07 0.41018E Ol
0.26499E 01  0.57050E 07  0.4425H4E OI
0.28892€ 01  0.55000€ 07 . 0.46685E Ol
0.30S74E 01  0.54267E 07 0.47418E 01
0.31944€ 01  0.51621E 07 0.S0190E Ol
0.3249%€ 01  0.50000E 07 0.5199IE Ol
0.31691€ 01  0.49103E 07 0.5273% Ol
0.31467E 01  0.46708E 07 0.548I8E 0!
0.31100E 01  0.4SO0OF 07 0.56380E Ol
0.30227€ 01  0.44430E 07 0.56662E Ol
0.29365E 01  0.42263E 07 0.57770E Ol
0.28797€ 01  0.40202E 07 0.58879E Ol
C.2B436E 01  0.YODOOE 07 0.5B9SIE Ol
0.27360 01  0.382Y2E 07 0.59910E 01
0.26320E 0!  0.36376E 07 0.6093S€ 0!
0.25290€ 01 2 07 0.61727 0l
0.24971€ 01  0.34602E 07 0.62047E Ol
0.24337€ 0  0.34000E 07 0.62538E 01
C.24220E 01  0.33000E 07 0.63373 01
0.23Y67E 01  0.3291SE 07 0.63403F 01
0.234S2E 01  0,32000E 07 0.63734E 01
0.22812E 01  0.31310E 07 0.64000F 01
0.22748E 01  0.31000E 07 0.64122€ 0!
0.22355€ 01  0.30000E 07 0.64SYOE 01
0.22363E 01  0.29783E 07 0.64357E 01
0.223%4€E 01  0.28330€ 07 0.6312!E 01
0.22510E 01  0.27500E 07 .0.52406E Ol
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TABLE III
Output from PUNCR@SS Program

PAGE 1

wewewTHESE ARE CROSS SECTIONS ON MTAPEwssww

ENERGY (EV) CROSS SECTION

0.26948E 07
0.25634€ 07
0.25000€ 07
0.24384E 07
0.23195€ 07
0.22500€ 07
0.22063€ 07
0.20987E 07
0.20000€ 07
0. 19964E 07
0. 19500 07
0. 19000 07
0. 18990E 07
0. 18500 07
0. 18064E 07
0. 18000E 07
0. 17500€ 07
0.17183€ 07
0. 17000 07
0. 16500 07
0. 16345E 07
0. 16000 07
0. 15548E 07
0. 15500€ 07
0. 15000 07
0.14790¢ 07
0. 14S00E 07
0. 14068E 07
0. 14000E G7
0. 13500E 07

_ 0.13382€ 07

0.13000E 07
0.12730E 07
0.12S00E 07
0.12108E 07
0.12000€ 07
0.11S518E 07
0.11S00E 07
0.11000E 07
0.10956E 07

0.61S14E 01
0.5938UE 01
0.583SSE 01
0.57384E 01
0.55505E 01
0.54Y404E 01
0.53647E 01
0.51785E 01
0.50077€ 01
0.50020E 01
0.49287€ 01
0.48S03E 01
0.48498E 01
0.48225E 01
0.48249E 01
0.48253E 01
0.47687E 01
0.47840E 01
0.47929 01
0.47977E 0l
0.47963E 01
0.47933E 01
0.47991E 0!
0.47997E 0Ol
0.48470E Ol
0.4866NE 01
0.4832tF 01
0.49326E 21
J.49392¢€ 01
0.50262€ 01
0.5S0465E 01

0.51138€E 01
0.51S03E 01
0.51821E 01
0.53134E 01
0.53512E 01
0.53222E 01
0,53211E 01
0.52418E 01
0.52262€ 01

ENERGT (EV) CROSS SECTION

0. 10S00E
0. 10422E
0. 10000E
0.99137E
0. 98000E
0. 96000€
0.94302E
0.94000E
0.92000E
0. 90000€
0.89703E
0.85328E
0.81167E
0. 80000
. 78000E
0. 77208E
0. 76000E
0. 74000E
0. 73443E
0. 72000E
0. 70000E
0.69861E
0.68000E
0.66YSHE
0.66000E
0.B4000E
0.63213E
0. 62000
0.60130€
0. 60000E
0.59000E

0.58000E
0.57197€
0.57000E
0.56000€
0.SS000E
0.54408E
0. S4000E
0.53000E
0.52000E

07
07
07
06
06
06
06

SRRRRRRRE RRFKRHAR

0.50636E 01
0.5208%€ 01
0.60%4E 01
0.62i63E 01
0.63946E 01
0.60031E Ol
0.57552E 01
0.57117E 0l
0.57205E 01
.56295E Ol
.5625¢E 0l
.55600E 0!
.SYSBIE Ol
.S47°CE 0l
.53t82t 0l
.535¢9L 01
.52989E 0!
.52098E 0!
.60083E 01
.B7210E 01
0.49326E 01
0.49662E 01
0. S444YSE 01
0.55308E Ol
0.55568E 01
0.55195€ 0l
0.55050E 01
0.5482SE 01
0.5308IE 01
0.52960E 01
0,S24R0E 11
0.50960E Ol
0.497S4E 01
0.49460E 01
0.44960E 0!
0.43960€ 01
0.47963E 0l
0.50960€E 01
0.85960E 0Ol
0.94960E 01

OO0O00000O00O0OO0O
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ENERGY IEV) CROSS SECTION

0.S17SYE 06
0.51000E 06
0.50000E 06
0.49230E 06
0.49000E 06
0.48000E 06
0.47000E 06
0.46829E 06
0.46000E 06
0.45S000E 06
0.4YY4SYSE 06
0.42373E 06
0.40306E 06

0.29860E 06
0.28403E 06
0.27500E 06
0.27018E 06
0.25700E 06
0.25000E 06
0.24447E 06
0.23255E 06
0. 22500E 06
0.22121E 06
N.21042E 06
0.20016E 06

0.79539E 01
0.45960E 01
0. 32460E 01
0.35864E 01
0. 36960E 01
0.43960E 01
0.47960E 0!
0.48293E 01
0.49960E 01
0.51960E 01
0.52681E 01
0.5S6377€ 01
0.60333E 0!
0.60960E 01
0.61960E 01
0.644Y27E "1
0.65760€ 01
0. 71960E 01
0.81860E 01
0.91960E 01
0.99960E 01
0.82360E 01
0.529607 01
0.51460E 01
0.66960E 01
0.693S3E 0!

0,77524E 01
0.79210E 01
0.8093¢2E 01
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TABLE III (Cont'd.)

Output from PUNCR@SS Program

ENERGY (EV) CROSS SECTION

0. 20000E
0. 1903%E
0.18111E
0. 1 7S00E
0. 17228E
0.16387E
0. 15588E
0. 1S000E
0. 14828E
0. 14105E
0.13417E
0.12762E
0. 12500E
0. 12140E
0. 11548E
0. 10985E
0. 1044SE
0. 10000E
0.99394E
0.94SY7E
0.90000E
0.89935E
0.8B000E
0.86000E
0.B5549E
0.84000E
0.82000E
0.81377E
0.80000E
0. 78000E
0. 77408E
0. 76000E
0. 74000E
0.73633E
0. 72000€
0. 70042E
0. 70000E
0.68000E
0.66625E

0.66000E 05

FRRFRRRFRRRARRRRRARRARRRRRRRRRRR222882288

0,80960E 01
0.83123E 01
0.85377E 01
0.86360E 01
0.87835E 01
0.90688E 01
0.93631E 01
0.95960E 01
0.96388E 01
0.98267E 01
0.10018€ 02
0.10214E 02
0.10296E 02
0.10335E 02
0.10402E 02
0. 1046%€ 02
0.1C536E 02
0. 10S96E 02
0.10599€ 02
0. 10623E 02
0. 10646E 02
0. 106Y48E 02
0. 10696E 02
0.10716E 02
0.10723E 02
0.10746E 02
0.10596E 02
0.10407E 02
0.99960E 01
0.11096E 02
0.10917€ 02
0. 10496E
0. 11096E
0.10946E 02
0.10296E 02
0.10198E 02
0.10196E 02
0. 10746E 02
0.10S05E 02

0. 10396E 02

R

PARCE

ENERGY (EVI CROSS SECTION

0.64000E 05
0.63376E 05
0.52000E 05
0.60286E 05
0.60000E 05
0.59000E 05
0.58000E 05
0.5734SE 05
0.57000E 35
0.56000E 0S
0.5S000€E 05
0.54SHSE 05
0.54000E 05

0.45000E 05
0.44B6IE 05
0.44000E 05
0.43000E 05
0.42483E 05
0.42000E 0S
U.Y41000E 05
0.40411E 0S
0.40000E 05
0. 39000E 05
0. 3B440E 05
0.38000E 05
0.37000E 05
0.36565E 05
0.36000E 05

0.35S000E 05

0.10196E 02

0.10211E 02
0. 10246E 02
0.10289E 02
0.10296E 02
0.10396E 02
0. 10446E 02
0.10479€ 02
0. 10496E 02
0.10596E 02
0.10746E 02
0.108S7E 02
0.10996E 02
0.11196E 02
0.11396E 02
0.11418BE 02
0.11596E 02
0.11996E 02
0.12124E 02
0.12196E 02
0.12596E 02
0.12996E 02
C.13008E 02
0.13246E 02
0.11246E 02
0.10413E 02
0.89460E 01
0.93460E 01
0.94737€ 01
0.95960E J1
0.97960E 01
0.99127€ 01
0.99960E 01
0. 10046E 02
0.10074E 02
0.10096E 02
0.10196E 02
0.10218E 02
0. 10246E 02

0.10266E 02

-
<

ENERGY EV) CROSS SECTIONM

. 34782E
. 34000E
. 33085E
. 33000E
. 32000€
. 31472E
. 31000E

.QDQOOOQD

0. 23000€
0. 22500€
0.22178E
0.21096E
0. 20067€
0. 19089E
0. 18158E
0. 17272E
0. 16430E
0. 15628¢
0. 14866E
0. I4141E
0.13452€

FRARRRRRARRRARRRRRRRRRRRRRIRRR

0.10262E 02
0. 10246E 02
0. 1024€EE 02
0. 10246E 02
0.10196E 02
0.10186E 02
0.10176E 02
0.10396E 02
0. 10408E 02
0. 10496E 02
0. 11246E 02
0.11596E 02
0.11533E 02
0. 10296E 02
0.99960E 01
0.99137€ 01

{O496E 02

. 10496E 02
. 10496E 02
10436E 02
0. 10496E 02
0, 10496E 02
0. 10437 n>
0. 104397€ 02
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TABIE TIT (Cont'd.)

Output from PUNCR@SS Program
PRGE 3

ENERGY 1EVY CROSS SECTION ENERCY {EV] CROSS SECTION ENERGY (EV) CROSS SECTION ENMERGY {EVI CROSS SECTION

: % 0.1279%E 05 0. 1Q49BE 02 0,23375E 4 0.1129%€ Q2 0.31635E 03 0.1]1298E g2 0.45008E 02 0.11329E 02
: 0.12500E 05 0.10498E 02 0.22235€ 04  0.1129%E 02 0.30092E 03 O.11298E 02 0.42B13E 02 0.11330E 02
G.12171E 05 0, 10563E 02 0.2t151F Q4 0.11299E 02 0,30000E 03 0.11298E 02 0.40725€ 62 0.11331E 02

0.12000E 05  0.10598E 02 0.20t1SE O4  0.1129%E 02 0.28624¢ 03 0.11299€ Oz 0.3873%E 02 0.11331E 02

Q.11578E 05 0.10683E 02 0.139138E o4  0.1129%E 02 0.27228E 03 0.I11300E 02 0.36B50E 02 0.11332E 02

0.11500E 05 0. 10699E 92 0.18205E 04  0.11299%E 02 0.25901E 03 0.11301E Q2 0.35053E 02 ©.11333E 02

0.11013E 05 0.10796E 02 0.17317E 04 0. 11298E 02 0.24637E 03 Q.11302E 02 0.33343E 02 O.11334E 02

0.1]0008 05 0,10799E G2 0.16472E O4  0.1129%E 02 0.23436E 03 0.11302E 02 0.31717E 02 0, 113ME 02

0.10S00E G5  0.109998 Q2 0.15669E 04  0.11299E @2 0.22293E 03  9.11303E 02 0.30170E 02 0.11335E G2

0.10476E 05 O,11013E 02 0.14965E ou  0.11288E Q2 0,21208€ 03  0.11304E Ge 0.2859%E 02 0.11336E 02

0. 10090 05 0.11300E 02 G.1d4178E @4 0.1)298F G2 0.20171E 03  0,11305€ 02 0,27299E 02 0.11337E 02

0.996S1E Q4 0.11300E 02 0.134BEE 04 0.11292€ 02 0.19188E 03 C.11306E 02 0.25968E 02 0.11337E Q2

0.94791E O4  0.11300E 02 0.12629E o4  O.11398E 02 0.18252E 03  0.1L306E 02 0.24701E 02 Q.11338E 02

0.90168E 04 0.11300E 2 0,12203E o4  0,11298E @2 0.1736¢€ 03 0.11307E 02 0.23496E 02 0,117238€ 02

g 0.85771E 04  0,11300E 02 0.11608E 04 Q.11299E 02 0. 16515E 03  0.11308E 02 0.22350E 02 0.1I34CE 02
- 0.31986E 04 C.11300E Q2 0.11092E 04  0,11298E 42 0.15709E D3 D.11303E 02 0.2i260E 02 0.11340E 02
_ 0.77608E 04  0.11300E G2 0.10503E 04 0,1]299E 02 0.14543E 03 0.11310E G2 0.20224€ 02  G.EI3YIE 02
4 0.73B24E Qu  0.13300E 02 0.9380%E 03 O.IIEQSE o2 0.i421%E 03 0.11311E 02 0,192378 02 Q.113u2E 02
¥ 0.70223E 04  0.11300E 02 0.35037E 03 0,1]299 €2 0.135ME 03 0.1I311E Q2 0,18299E 02 O.11343E 02
& 0.GG6798E G4  0,11300E U2 0.90402E 03 Q0.11298E 02 0.12686¢E 03 0.11312E 02 0.17407E 02 0. ]13Y3E o2
: 0.6354lE 04 C.11300E 92 0.65993F 03 0.11295F 02 0.12235€ 63 0.11313E 02 0.16558F 02  O0.[1344E 02
0.604Y2E 94  0.11300E 02 0.B}799E 03 0.1125%€ 02 0.11636E 03  0.ii314E a2 @. 157508 02 O, 11344E 02

k 0.57494E Q4  0.11300E 02 0.7780%E 03 0.1129%E 02 O.11070E 03 0.11315E 02 0.1u882E 02 0.113usE 02
s 0.54690E O4  0.11300E 02 0. M015E 03 0 11298E 02 0.10530E 03 0.11316E @2 0, 142SIE 02 O.113YGE g2
1 0.52023E 04  0.131300E 02 0. 70405 03 iiEBSE 02 0.10017E 03 00113)6E 02 0.13556E 02 0.11347E G2
y 0.49485E 04 0.11300E 02 0.6G97iE 63 0.11288k 02 0.95283E 02 O.113L7E 02 0.12895E 02 Q.}]34IE Q2
Q.U7072E 64 0,13300E n2 0.63705€ 03  0.1]2896 02 U.90836E 02 O0.1I1318E°02 0.12266E 02  0.113U8E 02

0.44776E Q¢ 0.1]300E 02 0.60598E 03 0.))299E 02 0.86215E 02 SM319E 02 0.11668E 02 G.)13USE Q2

0.42592E 04  0.I11300E 02 0.57643E 03 0.11299E 02 0.82011E 02 0.11320E 02 U, 1JN89E G2 0.11399E Q2

0.UO515E Q4 0.11300E 02 0.54831€ 93 0.11295E 02 0.78011E 02 0.11320¢ 02 0.10888E 02 0.11350E 02

0.368539FE 04 0.11300E 02 0.52157E 03 0.11298E 02 0.7420EE 02  0.11321E 02 0.10043€ 02 0.}I351E 02

0.36660E 04  0.11300E G2 0.U9613E 03 0.1129%E @2 0.70587E 02 D.11322E 02 0.95528E 01  0.11352E 02

0.34072E 4  0.11300E 02 0.471ME 03 0.11299E 02 0.671#SE 92  0.11323E 02 0.,90870E 01 Q.11352E 02

0.33171E 04 0. 11299E 02 0.44892E 03  0.11299E 02 0.53870E 02 0.11324E 02 0.86H438E Of 0.113%3E 02

0.31553E Q4 0.11299E 02 0.42703E 03 0.11299E 02 0.80755E 02 O, ]i324E 02 0.82223E 01  O.Li3S4E 02

0.30014E 04 0.11299E 02 0.40620E O3 0.11299 02 0.57792E 02  0.11325E Q2 0.78213F OF  O.11354E 02

{.e68551€ 04 0.[129%E 02 0.38639E 03 0.11299E @2 0.SY973E 02 0.11326E 02 0,74398E Ol G.113S5E 02

0.271S8E 04  0.11299E 02 0.36755E 03  0.1129%E 02 0.52292F 02 0.11327E 02 0.70771 01 " 0.113%GE 02

n,25834E 08 0.11299E 02 0.34962E 03 C.11299E 02 0.49742E G2  0.11326E 02 0.873{st Gl - Q.1E3SGE N2

0.24STUE 04  0.11299E 02 0.33257E 03  0.11298E G2 0.47316E 02 0.11328E 02 0.64036E O1  0.11397E 02
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ENERGY 1EVI CROSS SECTION

0.60912€ 01  0.11357€ 02
0.5794IE 61  0.11358E 02
0.55116E 01  0.11358F 02
0.52428E 0]  0.11359F 02
0.4S872E 01  0.11360E 02
0.47433F 01 0. [13G60E 02
0.45125E 01  0.11361E 02
6.42925E 01  B.11362€ 02
0.40831E G1  O.113G2E 02
0.38840E 01  0.11363E 02
0.35945€ 0F  0.11363E 02
0.35143E 01 0.11363F 02
0.33429E 01  0.1136Y4E 02
0.31799E 01  0.11364E 02
0,30248E 01 0. 11365E 02
0.28773E 01 0, 11365E 02
0.27370E 01  ©.11365F Q2
0.26035€ 01 0. 11386E 02
0.247655 01  0.11366E 02
0.23557E 0]  0.11367E 02
0.22U08E 01  0.11368E 02
0.21315E 01  0.11368 02
0.20276E 01  0.11389E 02
0.19287E 0!  0.11363E 02
0.18346E 0} (. 11369F 02
C.17952E 01  0.11369E 02
0.16601E 01 0. !1369E 02
0.15791€ 01 0,11370F 02
9.15021E 61 0. 11370E 02
0. I14288E 4]  0.11370F 02
0.13591E 01  ©.11370F 02
0.12928€ 01  0.11371E G2
0.12298E 01  Q.11371E @2
0.!1698E 01  0.11372E 02
0.111286 ! 0.11372E 02
0.10585€ 01  0.11372E 02
0. 10069E 01  0.11373E 02
0.10000E 0f 0.11373E Q2
n,95778E OC 0. 11359F 02
0.91105€ 00 O.11342F 02
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TABLE ITI (Cont'd.)
Output from PUNCRESS Program

ENERGY (EV) CRDSS SECTION

0.86663F 00  0.11326E 02
0.82437E GO  0.1131CE 02
0.784)5E 00 0,11293€ Q2
0.74582E 60 0.11277E 02
0,70954E 00 0.11261E 02
0.67493F 00  0.113usE 02
0.64201E 00 0.11228E 02
0.61071E 00 G.11212E 02
0.5609tE 00 0.11195E @2
0.55259F 0D O.11179€ 02
0.52584E 00 0.11163E 02
0.S0001E 00 Q.11147 02
0.47561F 00  0.11130F Q2
0.45242E 00 0.11113E 02
0,43036€ 00 0.11097E 02
0.40937E GO 0. T1080E 02
0.38840E 0D 0.!10BYE 02
0.37041E 00 0.1JO0y7E 02
0.35234E 00 O.11031E 02
0.33516E 00 O.1i015E 02
0.31841E 00 0.10699% 02
0.30526E 00 O, 10983 02
0.28847€ 00 0. 10966E 02
G.2MuDE-00  0.10950E 02
0,26102E 00 0.10933F 02
0.2u820F 00 Q.I0917E 02
0.23618E 00  0.10900F a2
0.22466E 00 O, YOBBUE 02
0.21371E 00 9.]GB6BE 02
0,20928E 00  ©.10851E 02
0.19337€ 00 0.10834E 02
0.183S4E 00 O0.I10BI7E 02
g.17u87E o0 0. i0BO0E 02
0.1GGY3E 00  O0.10783E 02
0.15832E 0D  0.10756E 02
0.1S060F Q0 0.1R7HEE 02
0.14325E 08 0.i0733E 02
0.136278 00  0.10716E 02
0.12962E 00 ).10899E 02
9.12330E 00  0.10583E 02

7 PAGE U
ENERGT IEVI CROSS SECTION

0.i1728E 00 0. I0BGEE 02
0.11156E 00 0.1065S0E 02
0.10612E 00  0.10G34E 02
0.10095E 00 0. 1GGI6E 02
0.10000E DO  Q.10GISE 02
0,96024E-01 0. 10576E 02
0.91342E-01  0,10529E 02
0.8688BE-0f 0. 10u82E 02
0.82649E-01 0, I04Y3SE 02
0.80000E-01 0. 16405E 02
0.78518E-01  0,10372E 02
0.74785E-01 0. 103G6E Q2
0.71837E-01  0.10234E 02
0.67667E-01  0,]0IGIE 02
0.643676-01  0.10090E g2
0,51229E-01 0.10019E 02
0.600005-01  0,.99899E Ol
0.56242E-01  0.9921SE 01
n Sun2E-01  0.96985%E Ol
¢ 5269%¢-01  0,969GHE 01
f 50129E-01  0.95B5GE Ol
~S0000E-01  0,95799E 01
G.17684E-01  0.94S72E Of
0,43359E-01  0.9329%€ 0l
Q.n3Y7E-01  0,92035E 01
O.41042E-01  0,90793E DI
0.10000E-01  0.90158E ot
0.39045-01  0.89346E 01
0.37t37-01 0,876B3E Ol
0.30000E-01  0,80939E 01
0.25000£-01 0. 74300E O1

ENERGY

(Evl CRD5S SECTION
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TABLE III (Cont'd.)
Output from PUNCR@SS Program

PAGE 5

sewueTHESE ARE CRGSS SECTIONS ABOVE CUTGFF---PUNCHED CARD OUTPUT FOR NMT INPUTw=zasw

ELEMENT=82207

SIGMR= 2
INTERPOLATION= 8
POINTS= 26
MASS= 0.0
ELRSTIC

ENCAGY (EV) CROSS SECTIGN

0.100C0E 09
0.90000E 08
0.80000E 08
0.70000E 08
0.GOOOOE 08
0.55000E 08
0.S0000E 08
0,45000E 08
0.44000E 08
0.43000E 08
0.42000E 08
0.41000E 08
0.40000F 08
0. 35000E 08
0. 30000E 08
0,27500E 08
0.25000E 08
0,22530E 0
0.20000F 08
0.18017€ 08
0. 17500E 08
0.17139E 08
0.16303F 08
0. IS508E 08
0. ISO00E 08
0.14751F 08

8.25598E Q1
0.27380E 01
0.28493E DI
0.24503E 01
0.21299E 01
0.20570E 0f
0.20300€ 0!
0.20580E 81
0.20568E O1
0.20356E 0i
0.20240E 01
0.20321E 01
0.20799¢ 01
0.23035E 61
0.26Y498E 01
0.28892€ 01
0.30574E 01
0.3i1S44E 01
0. 32Ys9E 01
0.31691E 01
0.314B7E Q1
0,31100E O}
0.30227E Q1
0.29365€ 01
0.2B797E 01
0.28436E 01

ENERGY (EV) CROSS SECTION

ENERGY (EVI CROSS SECTION

ENERGY (E¥) CROSS SECTION



TABLE ITI (Cont'd.)
Output from PUNCRYSS Program

PRSE 6

. wawowTHESE ARE CROSS SECTIONS GN MIAPEwwsna
s ELEMENT=82207
L SICHR= 71
; INTERPGLAT ION= 8
: PRINTS= U4ID
Hass= 0,0

LERD PEREY DATA Fl

ENERGY IEV) CRDSS SECTION ENERGY (EV) CROSS SECTIOM ENERGY (EV) CROSS SECTION ENERGY (EV) CR™SS SECTION

0.I0C00E 09  O.98569E GO 0.38242£D7 0.63]22E Q0 0.51754E 06 0. 11%39E 00 0,70042E 0S5 0. 3GUHTE-OI
0.800C0E 08  0,97576E a0 0,.36376E 67 0.60247E 00 0.49230E 06  0.16257E 40 0.66626E 05  0.32621E-08
0.700008 08 O,S6UBIE OO 0.3468G2E 07 0.57512E 00 0,4GA2SE 06  0.17057E 00 0.63376E 05  D.28982E-01
0.G00O0E 08 G.S4309E Q0 0.32815E 97 0.5431TE 00 0,U4SYSE 06 0.17618E OO 0.6028BE 05  0.25%20E-01
0,50000E B 9,S0631E 00 0.3i340 07 0.52436E 00 0.42373E 06 0. }BOGOE 00 0.57345E 05  0.22227E-01
9.40000E 08  0.88482E 00 0.29783E 07 0.500BiE 00 0.40306E 06  0.1B0O0E OO 0.S45YSE 05 J, 19094E-01
0,30000E g8  0,20983E 0O 0.28330E 67 0.Yy76Y2E 00 0.38341E 06 0.176GBE 0D 0.51888€ 05 Q. i611SE-01
0.25000E 08  0.91978E Q0 0.25846E 67 Q.uUSN2E 00 0,3B471E 06  0.17294E GO 0.49358E 05  0.13820E-Q1
0.20000E OB  0.908B4RE 0O 0.25634E 07 {.43688F 0O 0.34692E 066  0.16938E CO 0.4G950E 0S5  0.13]YEE-O!L
0.18017E 08 (.HB497E QO 0.24584E 07 0.41758E OO0 0.3300CE 66 0.16600E 00 0.4y661E 05  0.12505E-0!
0.1713%E 08 0,87497E 0O 0.23195E 07 0,39925E 00 0.31391£ 06 0.16278€ 00 0,U2483E 05 0.]1895E-01

0.16303E 08
0.15506E 08
0. IU7SIE 88
0.14032E 08
0.1334BE 0B
0. 12697¢ 08
0.12077E 0B
0.11478E 08
0.1092BE 0B
0. 10395 08
0.98882E 07
C.S4059E g7
0.89472€ 07
0.85108E 07
0.80957E 47
0. 97803E Q7
0.73253E g7
Q.GI681E 07
0.66282E 07
".G3050E 07
0.59975E 07
0,57050F 07
0.S4267E 07
0,51621E 07
8.49103E o7
0.46708E 07
0.44430E 07
0.u42263E 07
0.40202E 07

0, 86545E 00
0.85280E 00
0.83890F 40
0.82559E 0D
0.80957E 00
0.73437E 08

0.77982E 00

0.77314E 00
0. 76782E 00
0. 76275E 00
0.76034E G0
0.76613E 00
0.77163E 00
J. 77687k 00
0,78185E 00
0. 78538E 00
0, 78840E 00
0.79078E 00
0. 76840E 00
0.78613E GO
0.78338E 00
0.78193E 00
0.77988E 00
0, 77813E 00

D). 76B4BE 0D

Q. 74573 0Q
0.72409E 00
0.69323E 00
0.GBI4SE 00

0, 22063E OF
0.20987E G7
0. 19964E 07
0.18930E 07
0. |806YE 07
0.17183E 07
0.163USE 07
0. 155Y46E 07
0. 14¥90E 07
0. I4068E 07
0.13382€ 07
0.1273LF 07
0.12{09E 07
C.11518E 07
0. I109S8E 07
0. lguaeE 07
0.99]37E 06
0.94302E 06
0.89703E 06
0.85323F 06
0.81167€ 06
0.77208E 06
0.73443E 06
0.69861F 06
0.6GYSHE 06
0.63213E 08
G.EQI30E 06
0.57197E 06
0.54Y0BE 06

0.38181E 00
0.36522E 00
0. 34SUBE 00
0.33961E Q0
0.3224]1E 00
0. 30986E 00
0.29792€ 00
0.28656E 00
0.27575E 00
0.26547E 00
0.2557CE 00
0.246Ys0E OO
0.2379SE 00
0.22829E 00
0.21930E 00
§.21075E 00
0.20236E 00
0.19317E 00
0. 184Uyt 00
0.17612E 0C
0.16822E 00
0. 15B818E 00
0.]476UE 00
8.13761E 0O
0, 12807E 00
0. 11900E 0C
0. 11936E 00
0.10930F 00
0.10860E GD

0.20860F 06
0.284G3E 06
0.27018E 06
2.25700E 06
0.24447E 06
0.23255E 06
0,.22121E 96
G.2i0uek 06
0.20016E 06
0. 19035E 06
0.18111E 06
0.]17228E 06
0, 16387E 08
0. 15588E 06
0. 1482BE 06
0. 1410%€ 06

- O.13417E 06

0.12762E 06
0.12140F 06
0.11548F 06
0.10985E 06
0., 1049E 06
0.99384E 05
0.94547E 05
0.89935E 05
0.85549E 05
0.81377E 05
0. 7T08E 05
0.73633EF 05

0.15958E 00
0.15521E Q0
9. 15165E Q0
0.14710E 90
0.14334E 00
0.13976E 00
0. 13636€ 0O
0.13313E 00
0.13005E 00
0.12712E 0D
0.12433E 00
0.11879E 0D
0.}z, OO
0.10772€ 00
0, 10259E GO
0.97767E-01
0.93063E-01
J. REBY7E-01
Q. 6YYY5E-GY
0.804Y49E-0!
0.766U7E-01
0.73031E-01
0 "9321£-nl
.63892E-01
0.58728E-01
§,53815E-01
0.49142E-01
0.44697E-01
0.404BSE-01

0.40U1 1E 05
0.3BYNCE 05
0. 36SB5E 05
0.34782E 05
0.33085E 05
0.31472E 05
0.29937E 05
0.28477E 05
0.27088E J5
0,25767E 05
0.24510E 05
0,23315E 05
0.22176E 05
0.2109BE 05
0.20067E 05
0.19088E 05
0.18158E 05
0.17272E 05
0. 1GY30DE 0%
0.15628E 05
0. J4BEGE 05
0.14I41E 05
0. 13452E 05
0. 12795E 05
0.12171E£ 05
0,11578E 05
0. 1i013E 05
0. {04976E 05
0.93651E 04

0.1131SE-01
0.10763E-0
0. 1023BE-01
0.97389E-02
0.92639E-02
0.88121E-02
0.83823E-02
0, 79735E-02
0. 75B47E-02
0, 72147E~-02
0.68629E-02
0.65282E-02
0.62098E-02
0. 592069E-02
0.56]86E-02
0.5344BE-02
0.50841E-02
0,48362E-02
0.46003E~02
0.43760E-02
0.41625E-02
0, 39595E-02
0. 37664E-02
0. 35827E~02
0. 34080E-02
0. 32U1BE-02
0,30837E-02
0.28333E-02
0,27902E-G2




e

e
o
3
R
ER
K
"8
&4
B
¥

e e AT L L

RESTHES

ENERGY (EVI CROSS SECTION

D.94791E OY
0.90168E QY
0.85771E 04
0.81588E OY
0,77609E Ou
0. 73824E Oy
0.70223E 04
0.66798F 04
0.63541E Oy
0.60442E Ou
0.57494E Oy
0.SHGA0E T4
0,52023F 0y
0.USYB5E 0y
0.47072E 0y
0.U4776E O4
0.42592E QY
0.405158 0y
0. 3853E QU
0. 36660 Q4
0.34072E 04
0.33171€ 04
0.31553 04
0.30014E Oy
0.26551E Oy
0.27158E 04

0.25834E o4

0.24S74E oY
0,23375E Oy
0.22235€ Gy
0.21151E 0y
0.20119E Ou
0.19138E 04
0. 18205F 0y
0.17317E Qu
Q. I6472E Ou
0, 156GSE Ou
0. 14905E oY
N IY178E O4

0. {34B6E 0%

0.26542E-02
0.25247E-02
0. 2401GE-D2
0. 2264SE-02
0.21730E-02
0.2067{E-02
0. 19662E-02
0. 18704E-02
N, 17791E-02
0. 16924E-02
0. ]60S5E-02
C. 15313E-02
0. 1YSGEE-02
0. 13856E-02
0. 13180E-02
0.12537E-02
0. 11926E-02
0. H1344E-02
0. 10791E-02
0. 10265€-02
0.9764JE-03
0.92878E-03
0.88349E-03
0. BHOMOE-03
0.79842E-03
0. 76043E-03
0.72334E-03
0. 68806£-03
0.65451E-03
0.62259E-03
0.59222E-03
0.56334E-03
0.53587E-03
0,50973E-03
(. 4BY87E-03
0.46122E-03
0.43873E-03
0,41 733E-03
0.39698E-03

0.37762E-03
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TABLE IIT {Cont'd.)

Output from PUNCR@SS Program

ENERGY (EV) CROSS SECTION

0.12829E Oy
0.12203E Qu
©.11608E Qu
0.11042E Q4
0.10503E 34
0.8980S¢ 03
0.95037E 03
0.90402E 03
0,85983C 03
0.81782E £3
0.77802E 0%
0.74015E 0z
0. 7040SE 03
0.66871E 03
0.63705E 03
0.60588E 03
0.S7643E Q3
0.54834E 03
0.52157E 03
0.49613¢ 03
0.471S4€E 03
0.44892E 03
0.42703F 03
0.40620E 03
0.38639E 03
0. 36755E 03
0.34962C 03
0.33257€ 03
0. 31635E 03
0. 30092E 03
0.28624E 03
0.272288 03
0.2590iE 03
0.24637E 03
0.23436E 03
0.22293E 03
0.21208E 03
0.20171E 03
0.191BSE 03

0.18252E 03

0.35920E-03
0.34168E-03
0. 325026-03
0,3G917E-03
0.2%40%E-03
0.27375£-03
0.266108-03
0.25312E-03
0.24076E~03
0.22904E-03
0.21787E-03
0.20724E-03
0.18713E-03
0.18752E-03
0.17837E-03
0.16967E-03
0. 16140E-03
0.15353€-03
0. I4GOYE-D3
D.13892E-03
0,13214E-03
0.12%70E-03
0.11957E-03
0.11374E-03
0.1081%E-03
0.10231E-03
0.97894E-04
0,93119E-04
0.88578E~04
0.84256E-04
0.80149E-Q4
0. 76240E-04
0.72521E-04
0.68985E-04
0,65620E-04
0.62420E-04
0.59376E-04
0. SEYS0E-OY
0.53723E-04

0.51103E-04

PAGE 7

ENERGY (EV1 CROSS SECTION

0.17352E 03
8. I6515E 03
0. 15709 03
0. 14943€ 03
0. I421SE 03
0,13521E 03
0.12862E 03
0.12235E 03
0.11638E 03
0. 11070F 03
0. 10530 03
0. 10017E 03
0.95283E 02
0.90535E 02
0.86215€ 02
0,82011€ 02
0.7801 1€ 02
0. 74206E 0P
0. 70597E 02
0.67145E 02
0.63670E 02
0.60755E 02
0.57792E 02
0.54973E 02
0.52292E 02
0.49742E 02
0.u7316€ 02
0.45008E 02
0.42813E 02
0.40725E 02
0.38739E 02
0. 36850F 02
0. 35053 02
0.33343F 02
0,31717€ 02
0.30170E 02
0.28699E 02
0.27299F 02
0.2598RE 02

0.24701E 02

0,48613E-04
0. 6242E-0u
0,13586E-Q4
0.41841E-04
0. 38801E-04
0.37860E-0Y
0.36013E-04
0. 34257E-04
0.32586E-04
0.30937E-04
0, 29485E-0U
0.28047E-04
0.25679E-04
0,25378E-04
0.24140E-0
9.22963E-04
0.21843E-04
0,20778E-04
0. 18800E-~01
0, 1788YE-0Y
0.170] 1E-04

-0, 16182E-04

0. 15393E-04
0. 14642E-0y
0. 13928E-04
0.13248E-04
0. 12602E -04
0. 11988E-0Y4
0. 11403E-0Y4
0. 10847E-04
0. 10318E-04
0.981476-75
0.93360F-05
0.B88807E-05
0.8UY 76E-05
0.80356E-05
D. 76U37E-05
0. 72709E-05

0.69163E-05

ENERGY (EV) CROSS SECTION

0.23495E 02
0.22350E 02
0.21260E 02
0.20224E 02
0.19237% 02
0.18288E 02
8. 17407 02
0. 16558E 02
0. 15750E 02
0. 14982E 02
0.14251E 02
0.13556E 02
0, 12895€ 02
0, 12266E 02
0. 11668 62
0.11058E 02
0, 10556E 02

0. 38BUDE 01
0.3G9YSE 01
0.35M.. Of
0. 33429k B1

0.65790E-0%
0.62581E-05
0,59529E-05
0.5662GE-05
0.5386UE~-05
0,51237E- 05
0.48738E-05
0,4G361E-05
0.44100E-05
0.41950£-05
0.39304E-0S
0.37958E-05
0. 36106E-05
., 34JUSE-C5
0, 32676E-05
0.31077E-0%
0.29561E-05
0.28120E-05
0,2674BE-05
0. 2544YE-05
0. 2y20~E-05
0.2302<E-05
0.21900E-05
0.20832E-05
0.19816E-05
0. 18849E-0S
0.1793CE-05
0. 1 7055£-05
0. 16224E-05
0. 15432E-05
0. |4680E~05
0. 13964E-05
0. 13283E-05
0. 12635£-05
0.120]9E-05
0.11433E-05
0. 1GB75E-05
0. 10345E-05
0. 9BHOLE-OR
0.93602E-05



ENERGY EV) CROSS SECTION

0.31799E 01
Q. 3024EE 01
0.28773E 01
0,27370E 01
0,2603S%E 01
0.24765E Q1
0.23557E 01
0.22408E 01
0.21315E 01
0.20276E 01
0.19287E a1
0. 18346E 01
0.174SeE 01
0. 1660IE Q1
0. 15721E 01
0.15021E 01
0. 14288E 01
0. 13591E 01
0.12928E 01
0.12298E 01
0.11898E 01
0,11128€ 01
0. [QS8SE 01
0. I006YE Q1
0.95778E GO
0.91105E 00
0,86663E 00
0.82437¢ 00
0. 78415E QO
0. 7U592E 00
0. 70934E 00
0.G7493E Q0
0,6U201E 00
0.G1071E Q0
Q.56081E 00
0.55259E 00
U, S2564E 00
0,50001E QG
M YISBIE 00
0.u5242E G0

0,89037E-06
0. 8Y63SE-06
0. 805GHE-06
0. 76635E-06
0.72897£-06
0.69342E-06
0.5%960E-06
0.62743E-0F
0.59683£-06
0.56773E-06
0.SUY0NE-OS
0.51370E-06
0.48B6SE-06
0.46481E-06
0.44214E-06
0,42058E-06
0.40007E-06
0. 38056E-06
0, 36200E-06
0. 34Y3YE-06
0. 32755€-06
0.31157e-06
0. 29B63BE-06
0.28192E-06
0.26817E-06
0.25510E-06
0. 24265E-06
0.23082€-08
0, 21956€-056
0. 20885€-06
0. 19667E-06
0. 8BIBE-06
0. 17976E-06
0.17100E-06
0. 1626G6E-06
0.15472E-06
0. 14718E-06
0. j4000E-06
0.13317E-06
0. 12666E-06
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TABLE III (Cont'd.)

Output from PUNCR@SS Program

ENERGY IEV!

0.43036E 0C
0.40837E 00
0.3B940E Q0
0.37041E 00
0.35234E 00
(.33516E 00
0.31881E Q0
0.30326E 00
0.28847E 00
0.274l0E Q0
0.26102E 00
0.24829E 00
0.23618E 00
0.224B6E Q0
0.21371E 00
0.20326E 0C
0.19337E 00
0.18394E G0
G.17497¢ 00
0.16643E 00
0.15832E 00
0. 1S060E 00
0. I4325E Q0
0.13627E 00
0.129628 00
0.12330E 00
Q.11728E QO
0.11156E Q0
0.10612f 00
0.10095E Q0
0.396024E-01
0.91342E-01
0. 86888E-01
0.82649E-01
0. 78618E-01
0. 7478%E-01
0.71137E-01
0.£7667E-01
0. 6Y367E-01
0.61229E-01

CROSS SECTION

Q, 1 2050E-06
0. 1 1462E-06
0. 10903E-06
0.10371E-06
0. 98658E-07
0,93BY4E-Q7
0.89268E-07
0.B4Y914E-07
0.80773E-G7
0.76833E-07
0.73086E-07
0.69522E-07
0.66131E-07
0.6290B6E-07
0.59838E-07
0.56919E-07
0. S4143E-07
0.51503E-037
0.48991E-07
0.46602E-07
0,44328E-07
0.42167E-07
0.4D110E-07
0.3B154E-07
0.36293E-07
0, 34523E-G7
0. 32840E-07
0,3i2368E-07
0.29715E-07
0,28265E-07
0.2G887E-07
0.25576E-07
0.24328E-07
0.23142E-07
0.22013E-07
0.20940E-Q7
0.19918E-07
0.18947E-07
0.18023E-07
0, 1 7144E-07

FRGE 8

ENERGY IEVI CROSS SECTION

0.58242E-01
0. 55402E-01
0.52689E-0t
0.50129E-01
0.47684E-01
0,u5359E-01
0.43147E-01
0.41042E-01
0. 39041E-01
0.37137E-01

0. 16308E-07
0. 15512E-07
0. I4756E-G7
0. 14035E-07
0.13352E-07
0.12700E-07
0,12081E-07
0.11492E-07
0.10931E-07
0. 10398E-07

ENERGY IEvr CROSS SECTION
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TABLE ITII (Cont'd.)
Output from PUNCR@SS Program

PAGE 9

wwaweTHESE ARE [ROSS SECTIONS ABOVE CUTOFF---PUNCHED CARD OUTFUT FOR NMT INPUTwwame
ELEMENT=82207

SIGHA= 71
INTERPOLATION= 8
POINTS= 14

HASS= 0.0

LERD  PERET DRTA F1

ENERGT (EV1 CRGSS SECTION ENERGY 1(EVF CROSS SECTION ENERGY (EV) CROSS SECTION ENERGY {EV) CROSS SECTION

0.10000E 09  0.98589E 00
0.80000E 08 0,97576E G0
0.70000E G8  0.96UBIE 00
0.GOOCCE 08 0.94309E Q0
0.50000E 0B 0.90631E 00
0.4000CE 08 0.88482E Q0
0.30000E 08 0.90993E 00
0.250007 0B D.91979E 00
0.20000E 08  0.90848E 0O
0.18017E 08  0.86497E QO
0.1713% 08 0.87497E OO
0.16303E 08  0.86S4SE 00
0.1SS0BE 08 0,85289E 00
0.1475)E 08 0.83890E 00

INPUT EXAUSTED. NORHAL TERMENATION
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TABLE IV
Subroutine S@RS for Sample Problem

SUBROUTINE SORS (NCOL)
COMMON/COMAN/A (10, 1 7, ALPHA i60) , APR, ARG (17) ,BETA (60) , BLZ (200) ,
1 COSKS,CaSPHI,CASTH,D,DELSIG,DEN (10,17) ,DENH (17} , DKKWT,
2 E (200 ,ER (40} ,EB (4O ,EC (200} ,EION (10, 17) ,EMAX,EMIN(7) ,
3 EP {60) ,EPART (100,2) ,EREC,EX,GAM (60) , HEVSUM, HSIGG (5,17,
4 WSIG, IBERT, ITYP,KIND (60) , LELEM, AT, MAXBCH, MAXCAS,
S MXMAT, N, NABOV, NAMRX, NAME (200) , NAMER (L0} ,NBELO, NBERTP, NBOGUS,
6 NEGEX,NEL (17) ,NEUTNO, NEUTP, NGROUP, NP 10K, NMED (200) , NO,
7 NOBCH,NOCAS, NGMAX, NOPRRT, NPART (6) , NQUIT, OLDWHT
8,SIGG (10,17} ,SIGMX (7,171 ,SINKS, SINPHI, SINTH, TIP (200) ,
9 TIPAMO), TIPB (O) ,U (2001 , UR (4O , UB (LO) , UMAX, UL, V (200 .
1 VA (U0), VB (U0) , W (200} , WA (L0) , WB (40) , WT (200) , WTA MO} ,
2 WTB WMo , X (200 , XC (2000, Y (2000, YC (2008 , Z (2001 , ZC (200 ,
3 270,17 ,ZPR
IF (NBERTP.LE.Q) GO TO 10

Etl) = EMAX
X{l} = 0,
Y(l) = Q.
ZI(1) = 0,
Uty = 0,
vily = 0,
W) =1,
WT(1)= 1.
TIP(h = 2.0
RETURN

CALL MFPD (NCOL)
RETURN

END
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TABLE V
NMT Input
NMTC SAMPLE PROBLEM - 1500 MEV PI+ MESONS NORMALLY INCIDENT CARD A
ON INFINITE PB SLAB 204 GM./SB.CM. (i& CM.) THICK.THIS IS NMT INPUT, CARD B
93600A780FD} CARD C
1500. 15. 15. 2 25 20 0 CRRDD
i 8 1 11 0 9 CARD E
0. 0. 1 } 1 CARD F
100.0 1 s I CARD G
0. 1 1 H1
82. 207. 0.033 1 CARD 111
0. 1 1 H2
82. 207. 0.033 1 CARD I12
82207 2 8 26 0.0 ELASTIC
0. 10000E 09 0.25599E 0l 82207 2 1
0.90000E 08 0.27380F 0] 82207 2 2
0.80000E 08 0.26499F 0] 8220/ 2 3
0. 70000E 08 0.2u603E 01 82207 2 Y
0.60000F 08 0.21299E 01 82207 2 5
0.55000F 08 0.20570E 01 82207 2 6
0.50000E 08 0.20300E 01 82207 2 7
0.U5000F 08 0.20580F 01 82207 2 8
0.4u000E 08 0.20569E 0] 82207 2 g
0.U3000E 08 0.20356E 01 82207 - 2 10
0.42000E 08 0.20240E 01 82207 2 1
0,41000E 08 0.20321F 01 82207 2 12
0.40000E 08 0.20799F 01 82207 2 13
0.35000F 08 0.23035E 0i 82207 2 14
0.30000E 08 0.26499F 01 82207 2 15
0.27500E 08 0.28892E 01 82207 2 1B
0.25000E 08 0.3057UE 01 82207 2 17
0.22500E 08 0.31944E 01 82207 2 18
0.20000E 08 0.32U89F 01 82207 2 19
0.18017E 08 0.31691E 01 82207 2 20
0.17500E 08 0.31467€ 0! 82207 2 21
0.17139E 08 0.31100E 0] 82207 2 22
0.16303E 08 0.30227E 01 82207 2 23
0.15508F 08 0.29365E 01 82207 2 oy
0. 15000E 08 0.28797€ 01 82207 2 25
0.147S1E 08 0.28436E 01
END 0F82207 2 27
82207 71 8 14 0.0 LEAD  PEREY DATA F1
0. 10060E 09 0.9856SF 00 ge2o7 71 1
0.80000FE 08 0.97576E 00 82207 71 2
0.70000E 08 0.964B1E 00 82207 71 3
0.60000F 08 0.94309E 00 82207 71 y
0.50000E 08 0.90631E€ 00 82207 71 5
0.40000E 08 0.88482E 00 82207 71 6
0.30000E 08 0.90993F 00 82207 71 7
0.25000E 08 0.9197%E 00 g2207 71 8
0.20000E 08 0.908U8E 00 82207 71 9
0.18C17E 08 0.8B497E 00 82207 71 10
0.17139E 08 0.87497E 00 82207 71 11
0.16303E 08 0.865USE 00 82207 71 12
0.15508E 08 0.85289E 00 82207 71 13
0.1U7S1E 08 0.83890E Q0 g2207 71 14
END GF82207 71 15
2 MALE GEOM A
XZONE BNDS ~-10000., 10000. GEGM B
YZONE BNDS -10000., 10000. _ GEGM €
ZZONE BNDS 0.. - 18. » " GEEBM D
ZONE ] 1 1 : GEOM E
XBLOK BNDS ~-10009. . 10000, GEBM F
YBLOK BNDS ~ -10000.., 10000. _ _ GEOM G
ZBLOK. BNDS 0., - By 124, - 18, . GEOM H
BLACK 1 11 ' - GEOM  J1
MEDIA 1 , , : - BGEOM° K1
BLOCK 1 1 2 ' ) GEOM J2
MEDIA 2 _ e oo GEQM. K2 i
”EDIH- - o GEGM. K3~
0 No GUHDBIC SURFHCES - GEGM 0

 NWTC SAMPLE PROBLEH ~ THIS IS THE NMT INPUT ra TBHNSPUHT HuoNs, .,..CHHD,By.-_  .
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TABLE V (Cont'd.)

NMT Input
BLANK
279973UDB115

1533. 0.8857 15. e 25 20
1 9 0 11 0 2
0. 0. 1 1

0.0 0 0

0. | 0

82. 207. 0.033

U L] 1 0

82. 207. 0.033

2 MALE

XZONE BNDS -10000. , 10060.

YZONE BNDS -10000. . 100060

ZZONE BNDS C.. 18.

ZONE

!
XBLOK BNDS -10000., 10000.
TBLOK BNOS -10000., 10000.
ZBLUK BNDS 0- » Bl L]

BLOCK
MEDIA
BLOCK
MEDIA
BLOCK
MEDIA

0

l |
| 1 1
l l 2
1 ll 3
NG QURDRIC SURFARCES

i8.

CARD B
CARD C
CARD D
CARD E
CARD F
CARD G

CARD 111
H2

CARD 12
GECOM
GEOM
GEOM
GEOM
GEOM
GECM
GEOM
GEQM
GEGM JI
GEOM Kl
GEOM J2
GEOM K2
GEGM J3
GEOM K3
GECM @

TOMMOoOCYmD
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0. 10000E 03
0.B8000CE 02
0.70000E 02
0.6000CE 02
0.S0000E 02
0. 4GO00E 02
0.30000E 02
0.25000E 02
0.20000E 02
0. 18017E 02
0.1713SE 02
0.16303E 02
0.15508€E 02
0. I4751E 02

D.BlﬂuE~Ul

ﬁRXIHUM HYUBBGEN CBESS SECTIBNS FOR PHHTICLE TTPE5 1 THROUGH 5 IN MEDIUM

' TBRNSPBHT CRESS ; 'SECTIGNS (THE -SUM. OF - ‘GEUHETBIC‘ ‘XSECTS#HAX. HYDADGE
TYPES 1 THBBUGH 7 IN HEDIUN

ﬂ SIDHE-UL 0. Biﬂﬂﬁ-ﬁl

0.98569E 00
0.97576€ 0
0.96451E 00
0,84309E 00
0.90631E 0O
0.88482E 00
0.90993E 00
0.91979F 00
0.90B46E 00
0.88497E 00

‘0,874S7E 00

0.86545E 00
0.85289E 00
0.838E0E 00

"GEGHETRIC 'CROSS SECTIENS FOR NUCLIDES 1- | IN HEDIUM 1 IN RECIPROCAL CENTIMETERS

- 0.0

TABLE VI
NMT Output
NMTC SRMPLE PROBLEM - 1500 MEV P+ MESONS NORMALLY INCIDENT CARD A
ON INFINITE PB SLAB 204 GM./SO.CH. (18 CM.) THICK.THIS IS NMT INPUT. CARD B
INITIAL RANDOM NO. 93500A780FDI

EMAX =0.1500E 0Y  ELOP =0.1500E 02 ELON =0.1500E D2 MXMAT = 2  MAXCAS = 25  MAXBCH = 20

NOUIT = I NEUTP = 8 NBERTP = I NPOWA2 = 11 NPIDK = 0  NHSTP = 9

ANDIT0.0 CTOFE=0.0 NICOL= © NEXITE= 1  NSEUDO= 1

ELAS =0.1000E 03 NOELAS = 1  NELSTP = 5  NLEDIT = |

HSIGNX  0,29500E-24  O.IYGODE-23  0.20030E-24 0.0 0.66900E-25

THIS 1S MEDILM 1

DENH( 1) =0.0 NELE 1) = 1 NOELI 11 = 1

ZZL 1, 1t = 8.0 A(1, 1) = 207.0 DENI I, 1) = 0.330000E-01 10C1, 10 = 1

THIS 1S MEDIUM 2

DENH 2) =0.0 NELI 2) = | NOEL(2) = 1

ZZ( 1. 2) = 82.0 AC 1, 2] = 207.0 OEN( I, 2 = 0,330000E-01 IOC1, & = 1

B2207 2 6 26 0.0 ELASTIC
0.10000E 63  0.25599E Q1
0.S0000E 02  0,27380E 01
0.80000E 02  0.26HSSE 01
0.70000E 02  0.24503E 01
0.60000E 02  0.21299E 01
0.SS000E 02  G.20570F 01
0.50000E 02  O,20360E 01
0.4SOO0E 02  0,20580E O1
0.UMOOCE 02  G.20569E 01
0.43000E 82  0.203SGE Ot |
0.42000E 02  0.20240E Q1 3
0.41000F 02  0.20321E 01 |
0.40000E 02  0.20795E 01 1
0.35000E 02  0.2303SE G1 ;
0.30000E 02  O,25MSSE 01 ;
f.275006 02  0.28692F 01 |
0.25000E 02  0.30574E 01 |
0.22500F 02  0.31944€E 01 '
0.20000E 02  ©.32U9SE 01 |
0.18017E 02  0.31691E 01
0.17500E 02  0,31467E 01 |
0.17139E 02  0.31100F 0Ol |
0.16303€ 82  0.30227€ 01 |
0.15508F 02  ©,29355€ 01 ]
0.15000E 02  0.28797E O1
0.14751E 02  0.28436E 01

82207 71 8 4 0.0 LERD PEREY DATA F1

1 1N RECIPROCAL CENTIMETERS
08 - .0 0.0

xsscr+u9x.uscar XSECTI  FOR PARTICLE - -
IHETERS

0.8885E-04  0.B8E5E-04

1 IH RLCIPRGCRL CEN

0,8805E-0) 0.0 0.8806E-21
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TABLE VI (Cont'd.)
NMT Output

*GEGHETHIC 'CAOSS SECTIOMS FBA NUCLIDES 1- 1 IN HEDIUM 2 IN RECIPROCAL CENTIMETERS
0.8104E-01
MAXIMUM HYDROGEN CROSS SECTiONS #OR PARTICLE TYPES 1 THROUGH S IN MEDIUM 2 IN RECIPRDCAL CENTIMETERS
0.9 0.0 0.0 u.0 0.0

»

TRANSPORT CROSS SECTIGNS (THE SUw OF °‘GEORETRIC' XSECTS+MAX HYDROGEN XSECT+MAX DECAY XSECT) FOR PRARTICLE
TYPES 1 THROUGH ¥ IN MEDIUY 2 IN RECIPROCAL CENTIMETERS

0.B104E~0! O.BICNE-GI 0,B8806E-01 0.0 0.8806E-01 0.8BBSE-DY 0,B385E-04
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TABLE VI {Cont'd.)

NMT Output ,
i
XEONE BNDS | -0. 100000 0. 0.10000D 05
L e )
2O0NE i1 i
XBLOK BNDS -0.10000D 05, 0. 100000 05
ToLan onos oo P 05 00008 5. 0120000 €2, ©.180000 02
BLOCK 1 1 1 1
HEDIA
oL
0 NO QUADRIC SURFACES i
END BATCH 1 (SR NEUTRONS PRODUCED IN THIS BATCH 64O CUMULATIVE NO. CASCRDES CONPLETED 25
END BATEH 2  OSR NEUTRONS PRODUCED IN THIS BATCH 805  CUMULATIVE NO. CASCADES COWPLETED 50
ENU BRTCH 3 CSR NEUTAONS PRODUCED IM THIS BATCH 493  CUMULATIVE NO. CASCADES COMPLETED 75
END BATEH 4  OSR NGUTRONS PRODUCED IN THIS BATCH 577 CUHULATIVE NO. CASCADES COMPLETED * 100 e
END BATCH S OSR MZUTRONS PRODUCED IN THIS BATCH W8  CUMULATIVE NO. CRSCADES COHPLETED 125 s
ENDBATCH 6  OSA NEUTRONS PRODUCED IN THIS BRTCH 710 CUMULATIVE NO. UASCRDES COMPLETED 150
END BATCH 7  OSR NSUTRONS PRODUCED IW THIS BATCH 714 CUMULATIVE NO. (.SCRDES COMPLETED 175 i
GND BATCH ©  OSA NEUTRONS PRCOUCED IN THIS BATCH 358 CUMULATIVE NO. CASCADTS CONPLETED 200
END BATCH @  (OSR NGUTRONS FRODUCED IN THIS BATCH 882  CUMULATIVE NO. CASCARCS COMPLETED 225 if
END BATCH 10 OSR NEUTRONS PRODUCED IN THIS BATCH 745  CUMULATIVE NO. CASCADES COMPLETED 250 i
END BATCH 11  OSR NEUTRONS PRODUCED IN THIS BATCH 757  CUMULATIVE NO. CASCADES COMPLETED 275 ’
END BAJCH 12 OGR NEUTRONS PRODUCED IN THIS BATCH 557  CUMULATIVE NO. CRSCADES COMPLETED 300
END BATCH 13 OSR NEUTRONS PRIDUCED IN THIS BATCH 758 CUMULATIVE NO. CASCADES COMPLETED 325 *
END BATCH 14 0%R NEUTRONZ PRODUCED IN THIS BATCH 861 CUMULATIVE NO. CASCRDES COMPLETED 350 ,'
END BATCH 15 OSR NEUTRONS PRODUCED IN THIS BATCH 415  CUMULATIVE NO. CASCADES COMPLETED 375 :
END BATCH 16  OSR NEUTRONS PRODUCED IN THIS BATCH 526 CUMULATIVE NO. CASCADES COMPLETED 40O e
END BATCH 17 OSR NEUTRONS PRODUCED IN THIS BATCH 698 CUMULATIVE NO. CASCRDES COMPLETED 425
END BATCH 18  OSR NEUTRONS PRODUCED IN THIS BATCH  S10  CUNULATIVE NO. CASCROES COMPLETED 4SO
END BATCH 19 OSR MEGTRONS PRODUCED IN THIS BATCH 642  CUMULATIVE NO. CASCADES COMPLETED 475 .
END BRTCH 20  OSR NEUTRONS PRODUCED IN THIS BATCH 637  CUNULATIVE NO. CASCADES COMPLETED 500 0
REAL PSEUDD REAL PSEUDD PSEUDD REAL PSEUDD '
NONHYDROG ~ NONHYOROG HYDROGEN HYDROGEN OECAY ELASTIC ELASTIC |
COLLISIONS  COLLISIONS  COLLISIONS  COLLISIONS  COLLISIONS  COLLISIONS  COLLISIONS o
MEDIUM | 0,10200E 04  0.43700E 03 0.0 0.0 0.46000E 02  O.10100E 03  0.69600E 03 :
HEDIUM 2 0.59400E 03  0.26500E 03 0.0 8.0 0.17000€ 02  0.59000E 02  0,37500E 03
PSEUDD COLLISIONS WITHIN INTERNAL VOID BY PRRTICLES OF
TYPE t TWPE 2 TIPE 3 TYPE 4 TIPE S TIPE 6 TYPE 7
0.0 8.0 0.0 0.0 0.0 0.0 0.0
END OF RN  NEGEX = O LOMAZ = O FINAL RANDDN NO. = CUYIFFBUSCOD
TIMEs 5 MINUTES 50.70 SECONDS '
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TABLE VI (Cont'd.)

NMT' Output
WMIC SRMPLE PROBLEM - THIS S THE NMT EMPUT TG TRRNSPORT MUONS. CARD A
BLANK CARD 8

INITIRL RANDOH NO. 27997340BLIS

EHAX =0.1533E Oy ELOP =0.£857E OD ELON =0.1500E 02 MXHAT = @2 HAXCAS = 25 MAXBCH = 20
NQUIT = | NEUTP = 9 NBERTP = 0 NPCHAZ = 1) NPIDK = 0 NHSTP = e
ANDIT=0.0 CTOFE=Q.0 - NICOL= O HEXITE= 1 NSEUDO= 1

ELAS =0.0 NOELRS = 0 NELSTP = 1} NLEDIT = O

THIS |5 HEDIUH 1

DENHI 1) =0,0 NELT ) = 1 NOELI i) =

221, 1 = 82.0 ALY, D =207.0 DENC L, 1) = 0?3300005-01 L. b= 0
THIS 1S MEDIUM 2
DENHI 2 =0.0 NELT1 2 = I WNOELI2I = D
22t 1, 21 = 82.0 Al 1, 2 = 207.0 OEN! 1, 20 = 0.330000E-00 fo( 1. 21 = O
*GEQMETRIC *CAOSS SECTIONS FOR NUCLIDES 1- 1 IN KEDIUM 1 IN RECIPROCAL CENTIHETERS
0.0
MAXIHUM HYDROGEN CRGSS SECTIONS FCA PRATICLE TYPES ) THROUGH S IN HEDIUM 1 IN RECIPROCAL CENTIMETERS
0.0 0.0 0.0 0.0 0.0
TRANSPORT CABSS SECTIONS (THE SUM OF *GECMETRIC® XSECTSMAX HYDROGEN XSECT+HAX DECAY XSECT! FOR PARTICLE
TYPES I THROUGH 7 IN MEDIUM 1 IN RECIPROCAL CENTIMETERS
0.0 0.0 0.29026-61 0.0 0,29026-01 ©,3573E-03 0.3673E-03

*GEGHETRIC 'CRO5S SECTIONS FOR NUCLIDES 1~ 1 IN HEDIYM 2 N RECIPROCAL CENTIMETERS
0.0

MAXIMUM HYDROGEN CROSS SECTIONS FOR PARTICLE TYPES | THROUGH S IN MEDIUM 2 IN RECIPROCAL CENTIHETERS
0.0 0.0 6.q 0.0 a.o
TRANSPORT CADSS SECTIONS (THE SUM OF - *GEOMETAIC' XSECTS+HAX HYDROGEM XSECT+MAX DECAY XSECT) FOR PARTICLE
TYPES 1 THROUGH 7 IN MEDIUM 2 [N RECIPROCRL CENTIMETERS
0.0 0.0 0.2802E-01 0.0 0.2902£-01. 0.3673E-03 D.3673E-03




65

TABLE VI (Cont'd.)
NMT Output

2 HALE
XZONE BNOS -0.100000 05, 0.100000 05
TZONE BNDS -0.100000 0S, 0.100000 05

ZZONE BNDS 0.0 » 0.18000D 02
ZONE i 1 {

XBLOK ONDS -0.100000 0S, 0.10000D 05
YBLOK BNDS -0.100000 05. G.100000 05
ZBLOK BNOS 0.0 . 0.60000D 0. 0.120000 02, 0.180000 02
BLOCK i l 1

MEDIA l

8LOCK i i e

HEDIA 2

BLOCK 1 I 3

MEDIA !

0 NO OURDRIC SURFACES
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TABLE VI (Cont'd.)
NMT Output

RERDING LOG. 9 RS NMT TAPE

MAXBCH MAXCAS  MXMAT NGROUP  NPIDK : AICOL  NOUIT NEXITE NSPRED NWSPRD NSEUDD NBERTP
20 25 20u8 0 o t l 0 0 1 1

2
EMAX  O.1500E O
0.1SO0E 02 0.1500F 02 0.259%% 61 G.SISGE OI 09292 OI 0.1693 01 (0.1693E OI
MEDIUH 1
NUCLIOE NO. 2 NO. A NG, _ 'GEOMETRIC' XSECT (PER CHi
1 0.8200E 62  0.2070E 03 0.8104E-01
TRANSPORT XSECTS FOR PARTICLE TYPES 1-7 IN MEDIUM | IN PER CH
0.8104E-01 0.BIOME-O01 0.BB0GE-01 0.0 0.86065-01 0.888SE-04 0.B8BSE-04
MAX HYDROGEN XSECTS FOR PRARTICLE TTPES 1-5 IN MEDIUH 1 IN PER CH
0.0 0.0 0.0 0.0 0.0
HEDIUK 2
NUCLIDE NO.  Z NO. AND,  °GECHETRIC® XSECT (PER CH)
t 0.8200F 02  0.2070% 03 6.8104E-01
TRANSPORT XSECTS FOR PARTICLE TIPES i-7 IN MEDIUH 2 IN PER M
0.B10UE-0! G.BIGHE-O1 0.880BE-01 0.0 0.8806E-01 0.886SE-Ov O.BBESE-OY
HAX HYDRGGEN XSECTS FOR PARTICLE TYPES 1-5 IN HEDIUM 2 IN PER CH
0.0 0.0 0.0 0.0 0.0
END BATCH | 3SR NEUTRONS PAODUCED IN THIS BATCH 0 CUMULATIVE ND, CASCADES CONPLETED 45
END BATCH 2 OSR NEUTRONS PRODUCED IN THIS BRTCH 0 CUMULATIVE NO. CASCADES COMPLETED 82
END BATCH 3 OSA NEUTRONS PRODUCER IN THIS BATCH 0  CUMULATIVE NO. CASCADES COMPLETED 113
END BRTCH 4 OSA NEUTAONS PRODUCED IN THiS BATCH 0 CUMULRTIVE NO, CASCADES COMPLETED  !51
FNMRHTICH 5 058 NEUTRONS PRODUCED iN THIS BATCH 0 CUMULATIVE NO. CASCADES COMPLETED 194
END BRTCH 6 0SR NEUTRONS PRODUCED IN THIS BACH G CUMULATIVE NO, CRSCADES COMPLETED 238
END BATCH 7 DSR NEUTRONS PRODUCED IN THIS SATCH 0  CUMUWLATIVE NG, CASCADES COWPLETED 280
END BATCH 8 05R NEUTRGNS PRODUCED IN THIS BARTCH g CUMULATIVE NO, CRSCADES COMPLETED 318
END BATCH 9 OSR NEUTRONS PRODUCED IN THIS BRTCH 0  CUMULATIVE NO. CASCADES COMPLETED 36D
END BATCH 10 OSR NEUTAONS PRODUCED IN THIS BATCH O CUMULATIVE NO. CASCADES COMPLETED 394
END BRTCH 11 05R NEUTRONS PRODUCED IN T:IS BRATCH 0 CUMULATIVE NO. CASCADES COMPLETED 439
END BATCH 12 OSA NEUTRONS PRODUCED IN THIS BATCH 0 CUMULATIVE NO. CASCADES COMPLETED 47l
END BATCH 13 OSR NEUTRONS PRODUCED [N THIS BATCH O CUMWATIVE NO. CR:iCADES COMPLETED 515
END BATCH 14 OSR NEUTRONS PRODUCED IN THIS BATCH O  CUMLLATIVE NO. CASCADES COMPLETED 554
END BATCH 1S OSR NEUTRONS PRODUCED IN THIS BATCH 0 CUHULATIVE NO. CRSLSOES COMPLETED 580
END BATCH 1S OSR NEUTRONS. PRODUCED IN. THIS'BATCH 0 CUMULATIVE NO. CASCADES COMPLETED 610
END BATCH 17 OYR NEUTRUNS PRODUCED IN THIS BATCH O . CUMULATIVE WO, CRSCADES COMPLETED 649
EMD BATCH 18  OSA NEUTRONS -PRODUCED iN THIS BATCH 0 CUMULATIVE NO. CASCADES COMFLETED 678
END BATCH 19 OSR NEUTAONS PRODUCED Iy THIS BATCH "0 CUMULATIVE AD. EASCADES FOMFLETED 712 -
END BRTCH 20 OSR NEUTRONS FRODUCED INTHIS BATCH O CUMULATIVE NO, CASCADES COMPLETED ~ 754
RERL PSEUDD CBEAL . PSEWOD PSEUDD CBEAL  PSEWDO
NOWHIDROG NOMYOROG HYOROGEN  HWDROGEN - DECAY - ELASTIC < - ELASTIC
COLLISIONS  COLLISIONS  COLLISIONS - COLLISIONS  COLLISIONS - COLLISIONS CALLISTONS
R N Y TN X SR Y. T X N
HEB;UH > :__ﬁ;h3”'. e ﬁl_ﬁildébbéihl{fl = Ll gl

0.0
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TABLE VI (Cont'd.)
NMT Output

PSEUDD COLLISIONS WITHIN INTEANAL VOID BY PARTICLES OF

TYPE | TYPE 2 TYPE é . TYPE 4 TYPE 5 TYPE B
8.0 g.0 0.0 0.0 0.0 0.0
END OF RUN NEGEX = O LOKRZ = D . FINAL AANDOM NO. = Y2FF13855IF]

TIE= 12.05 SECONDS

JOB TEAMINATED BY READING END OF FILE ON LOG, 5

TYFE 7

0.0
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TABLE VII
Listing of NMT Analysis Program

NMT BANALYSIS- SAMPLE PROBLEM
DIMENSION PC,2,7) ,PCUR (4,2,7) ,PCUR2 4, 2,7)
COMMON/LABEL/
1 NHST ,N, IN, 13,NCOL, NBCAS, NAME, MAT, NMED, LELEM, NOPART, NABOV
2, NBELO, MRXBCH, MAX{AS, MXMAT, NGROUP, NP IDK, N1COL . NQUIT, NEXCT
3,NPART {6) , NEL (8} , NRMER (UQ)
l'l * X.Y.Z.xc.TC.ZC.ULD”T.HT.E.EC.U.V.N.TIP.HPB.ZPR.EHEC-Ex
5, HEVSUM, UU, EMAX, WTEVAP, ZZ (10, 16) A (10, 16) ,SIGG (10,17) , SIGMX (7,17
6,HSIGG (S,17), TIPA (4O , ER (LO) , UA (U1 , VA (40 , WA (UD) , WTA (HO)
7,T18 U0y ,EB{U0) ,UB (4O) , VB (H0) , WB (4O) . HTE (WD) ,EPART (100, 2) ,EMIN (7)
8,B0L0,BLZ, HEPART (100, 4)
IN=S
10=6
1 READ (IN,2,END=899) NHST
2 FORMAT (I10)
10 CALL REDNMT
NCL = NEOL + S
¢oto (70,60, 25,20, 25,10, 10, 10,40, 10, 10, 40, 25) JNCL

C NCUL = -u.“3.—2.-1. 0. l' 2' 3' u. S. 6. 7' 8

20 09 22 I=1,
D0 22 J=

22 PCUR2 (1, J,
PECH = FLOAT (MAXCAS)
BCHS =

OAT (MHAXBCH)
460 TO 10

25 WRITE (10,26) NCOL

26 FORMAT (1H1, " NCOL = ', IS, IN MAIN®)
CALL ERROR
RETURN

U0 NTYP = [FIX(TIP) + |
IF (W) u2,u5,u7

42 NSIGN = 1
GO 70 ug

us WRITE (1G,uUB) W

46 FORMAT (1HI, " W = ',E17.7," IN MAIN'}
GOTO 10

U7 NSIGN = 2

ug 1Z = IFIX( ZC/6.0 }
PC(IZ,NSIGN,NTYP) =
60 70 10

G0DDG6S I

GO

+ 1
PC(I1Z,NSIGN,NTYP) + HWT

PCUR(I,J,K) + PCI(I,J )/PBCH
PCURZ (1, J, K) +(PC (I.,J SCH) wx2
65 PCII,

70 BCHSS =

IF (PCUR (1, J, 10 ,EQ.0.) GO T8 75
PCUR2 (1, J, K1 = (PFCUR2 (1, J,K) /BCAS - (PCUR (I, J, K} /BCHS) #x2] /BCHSS
SAMPLE VARIANCE (TREATING EACH BATCH AS A SAMPLE) .
PCUR(I,J,K) = PCUR(I,J,K)/BCHS
PCUB211,J, K= 100.* SGRT ( ABS ( PCUR2(I, J, £))1 /PCUR (1, J, K)
RELATIVE STANDARD DEVIATION EXPRESSED IN PERCENT..
75 CONTINUE
WRITE (10,80
80 FORMAT (1H1, 14X, ° NMT QUTPUT FOR SAMPLE PROBLEM'/ 8X, * PARTIAL CU
IRRENTS AT 7 = 0,6,12, AND 18 CM. /11X, ' IN AN-18 CM, THICK INFINI
Daglﬁgl?hngéfsx *UNITS- (PARTICLES/CM75EC) / (INCIDENT PT+/CHM2/SEC) )
)
82 FORMAT (1HO, 17X, * PARTICLE IDENTIFICHTIGN /11x.'1 PROT, 2 NEUT 3-PI+
1,5-P1-,6-M0*, THU-) | | -
M=l TR
N2=5
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TABLE VII (Cont'd.)
Tisting of NMT Analysis Program

3! NBERTP=N
. IF (NEERTP.GT.0) GO 0 85
N2 = 7
85 WRITE (10, 86)
85, FORMAT (1D, 'Z POS. 41 0.0 5.0 12, 18.
DO 100 NTYP = Ni,N2
IF (NTYP.EQ.Y) GO TO 100
HRITE (10,87) NTYP,EMIN (NTTP)
87 FORMAT (110, 2X, * PARTICLE TYPE = *,I2, UX,* CUTOFF ENERGY = ',Eil.
.n IE‘
BO 95 NSIGN =1,2
IF (NSIGN.GT. 1) GO TO 89
WRITE (101, 88)
88 FORMAT (1HO, 15X, * NEGATIVE PARTIAL CURRENTS")
G0 10 95
89 WRITE (10,90
90 FORMAT (1HO, 15X, * POSITIVE PARTIAL CURRENTS')
95 WRITE (10,96) (PCUR (1,NSIGN,NTYP) , [=1,4}, (PCUR2 (I,NSIGN,NTYP) , [=1,U)
96 FORMAT (1FD,* VALUE  *,UE12.4/° REL. ERRGR'.4E12.3)
100 CONTINUE
G& 10 1
999 WRITE (10,1000) IN
1000 FORMAT (1HG, * ENDFILE READ ON LOG. UNIT®,Iu)
CALL EXIT
RE TURN
END
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TABLE IX
IMT Analysis Output

RN READING LOG. 9 AS NHT TAPE
Sy MAXBCH MAXCAS MXMAT NGROUP NPIDK NICOL NOUIT NEXITE NSPRED NWSPRD NSEUDO NBERTP
20 25 2 2048 0 ) ! 1 0 0 1 1

EMAX 0. 1500E o4

CUTOFE ENERGIES FOR TYRES 1-7
0.1S00E 02 0.15005 02 0.2232E 0! 0.”'S6E 01 0,2232E 01 O0.1693E 01 0.1693E 01

HEDIUM 1
NUCLIDE NO. Z NQ. 8 NO. ‘GEGMETRIC* XSECT (PER CM)
1 0.8200E 02 0.207CE 03 0.8104E-01
TRANSPORT XSECTS FOR PARTICLE TYPES 1-7 IN MEDIUM 1 IN PER CH
0.8I04E-01 0.8104E-01 0.BBCGE-01 8.0 0.88056-01 0.8885E-04 0,B8883E-04
MAX HYDROGEN XSECTS FOGR PARTICLE TYPES 1-5 IN HMEDIUM 1 IN PER CH
. . 0.0 0. 0.0
HEDTUH 2
RUCLIDE NO. Z K. A NO. "GECMETRIC" XSECT (PER €H)
1 0.8200E 02 0.207CE 03 0.8104E-01
TRANSPGAT XSECTS FCR PRRTICLE TYPES 1-7 IN MEDIUM 2 IN PFER CH
0.8B104E-O1 O.BI0YE-01 0.8806E-01 0.0 0.88068E-01 O0,.8885E-04 0O.5885E-04

MAX HYDROGEN XSECTS FOR PRATICLE TYPES 1-5 IN HZDIUM 2 IN PER CH

.0 0. 6.0 .0 o.
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TABLE IX (Cont'd.)
NMT Analysis Output

N4T GUTPUT FOR SAMPLE PROBLEM
PAATIAL CURRENTS AT Z = 0.6,12, 8ND 18 CH.
IN AN 18 €M, THICK INFINITE PB SLA3
UNITS- (PRATICLES/CH2/SEC) / (INCIDENT PI+/CM2/SEC)

PRATICLE IDENTIFICATIEN
1-PROT, 2-NEUT, 3-P1+,5-P]-,6-Mu+, 7-MU~

Z PGS, (CH 0.0 6.0 1. 18.
PRATICLE TYFE = 1 CUTHFF ENERGY = 0. 1S0E 02 MEV
NEGATIVE PRAATIAL CURRENTS

VALLE 0.11'98E-01 0.5532E-02 0.39%YE-02 0.0
REL. ERAGR O.426E 02 D0.728E 02 O0.683E 02 0.0

FOSITIVE PRATIAL CURRENTS

VRLLE 0.0 0.1038E 00 O.1138BE 00 0.7983E-01
REL. ERROR 6.0 O.155E 02 O.11SE 02  0.192E 02

PRATICLE TYPE = 2 CUTOFF ENERGY = D.1SCE 02 HEV
NEGATIVE PRATIAL CUARENTS

VALUE 0,5608¢ 60 0.3770E 0D 0.IB3SE G0 0.0
REL. ERROR 0O.57E 01 0.102€ 02 O.17IE 02 0.0

PGSITIVE PRATIAL CURBENTS

VALLE 0.0 0.6225€ 02 0.8265E D2 0.8263E 00
REL. ERRCR 0.0 0.881£ 01 0.556E 01  0.534E OI

PARTICLE TYPE = 3 CUTOFF ENERGY =  0.223E O} MEV
NEGATIVE PAATIAL CURRENTS

VALLE 0.1997E-01 0.9957E-02 0.9968E-02 0.0
AEL. ERRGA O,370E 02 0,397 02 0.397€ 02 0.0

POSITIVE PARTIAL CURRENTS

R 0.0 0.7797E 00 O0.5B87SE 00 O,Y495E 0O
. ERRGR 0.0 D.222& 01 O.356E 01 0.5SIE 01

PARTICLE TYPE = 5 CUTCFF ENERGY =  0.223E 01 MEV
NEGATIVE PRATIAL CURRENTS

VALUE 0.11998-01 0.1983€-02 4.0 g.0
REL. EARCR D0.426E 02 O0.100E 03 0.0 c.0
POSITIVE PRATIAL CURRENTS
VALUE 0.0 0.7977e-02 0.1198E-01 0, 1S94E-0I

REL.. ERROR 0.0 0459 02 O.S46E 02 0.526E 02
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TABLE IX (Cont'd.)
NMT Analysis Output

READING LOG. & RS NNT TAPE
MAXBCH MAXCAS HXMAT NGROUP  NPIDK NICOL  NGUIT NEXITE NSPRED NWSPRD NSEUDD NBERTP
20 25 2 2048 0 1] | 1 0 0 1 0

EMAX  0.1533E oY

CUTOFF ENERGIES FOR TYPES 1-7
0.6B857€ 00 0.1SO0E 02 O0,1318E OO 0.1273E 00 0.1318E Q0 0©.1000E 00 O.!00CE 0O

HEDIUM 1
NUCLIDE NO. Z NO. A NO. *GEGMETRIC® XSECT (FER CH)
1 0.8200E 02 0.2070E 03 0.0
TRANSPORT KSECTS FOR PARTICLE YYPES 1-7 IN MEDIUM I INP
0.0 0.0 0.2%0zC-01 0.0 0.2902E-01 0.3673E-03 0.3573E-03

HAX HYDRGGEN XSECTS FOR PRRTICLE TYPES 1-5 IN HEOIWM 1 IN PER CH
0.0 8.0 a.0 0.0 0.0

MEDIUH 2
NUCLIDE NG, Z NQ. A N3, ‘GEGHETRIC* XSECT (PER CH
0.8200F 02 0.2076E B 0.C
TRANSPORT XSECTS FOR PRATICLE TYPES 1-7 IN MEDIUH 2 IN PER
0.0 0.0 0.2802E-01 0.0 0.2902E-01 ©. 3873E-03 0.3673E-03

HAX HYDROGEN XSECTS FOR PRARTICLE TYPES 1-S IN MEDILM 2 IN PER CH
0.0 8.0 0.0 0.0
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TABLE IX (Cont'd:)
NMT Analysis Output

NMT QUTFUT FOR SAMPLE PROBLEM
PARTIAL CURRENTS AT Z = 0,6,]12, AND 18 CH.
IN AN 18 CM. THICK INFINITE P8 SLAS
UNITS~ (PARTICLES/CM2/SECY # INCIDENT PI+/CH2/SEC)

PRATICLE IDENTIFICFITIQN
1-PROT, 2-NEUT, 3-PI+, £ -P1~, 6-HU+, 7-HU-

Z POS. (€l 0.0 6.0 12. i8.
PEATICLE TYPE = 6 CUTCFF ENERGY = 0,100 00 HEY
NEGRTIVE PAATIFL CURRENTS

VALUE 0.1351E-03 0.5036E-04 0.0 0.0
fEL. EPAGR  OJUMYE 02  O.551E 02 0.0 0.0
POSITIVE PARTIAL CUARENTS
VFL 0.0 0.653%6-03 0.1204E-02 0. 1877E-02
REL. Eﬁﬁﬂﬁ 0.0 O.G11E Ot ©O.4BSE 01 0,372E O}

PRATICLE TYPE = 7 CUTCSF ENERGY = 0,100 00 HEV
NEGATIVE PAATIAL CURRENTS

VRLUE 0.5078E-04 0.2370S-04 0.0 0.0
fEL.. ERRDA 0.5672 02 O0.100E 03 0.0 0.0

POSITIVE PRATIRL CUARENTS

VALLE 0.0 0.0 0,3530E-04 0.7216E-04
REL. ERROR 0.0 0.0 0,700E 02 0.713E 02

ENDFILE RERD OW LOG, UNIT 5
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TABLE X
Input for XSECT Program

CODE B
PB_SYSTEM DATA FOR NMTC SAMPLE PROBLEM,
2 g.SE 07 5.E-01

[}
82207 1 2 - .033
82207 9 .033
e 64
82207 1 2 .033
BEEOZ 9 .033
82207 64
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TABLE XTI
Qutput from XSECT Program

Sl JuLy 23 1980

"LQ."E CODE 6  SYSTEMS DATA TAPE
' PR SYSTEM DATA FOR NMTC SAMPLE PRGSLEH.
MEDIA= 2 ETCP= 0.25000F 08 ECUT= 0.SO000E 00

HEDIUN 1 POINTS 64
ELEHENT  DENSITY SIGHAS
82207 0.03300000 1, 2, G, O,
82207  0.03300000 9, 0. 0. 0,

HEDIUM 2 POINTS B4
ELEMENT DENSITY SIGHAS
£2207 0.03300000 l.2. 0,0, ©
82207 ©.03300000 9 0.0.0. 0

1 1 SCATTERERS ELEHENT POINTS
82207 64

0
o

R~0i¢

END OF FILE READ ON INPUT TARE
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TABLE XII
@5R Input

NMTC SAMPLE PROB.-1SOOMEV P1+ MESONS ON PB,THIS IS OSR INPUT.
900 1200 20 1 . 1
? 1

0
207. 0.
2.71 0.984 c.
1 ¢
207. g,
2.7 0.984 0.
BLANK SGURCE CARD
BLANK SOURCE CARD
2 3 101001001 | 10010001000000000000000000 100100700
226715981351
6 1 0 0
? 0 0 0 0 0O i. 0.984 1.
0 o0
C 0
2 MALE
XZONE BNDS ~ -10000.. 10000,
YZONE BNDS ~ -10000..  10000.
ZZONE BNDS 0., 18,
ZONE I
XBLOK BNDS  -10000.., 10000,
YBLOK BNDS  -10060., 10000,
ZBLOK BNDS O.. B.. 12.. 18.
BLACK 11t ,
MEDIR 1
BLOCK 1 12
MEDIR 2
BLOCK 1 1 3
MEDIA 1
g NG QUARDRIC SURFACES
9
11
a2. 207.
11
82. 207.

CARD
CARD
£ARD
CARD
CARD
CARD
CARD
CARD
CRRD
CARD
CARD
CARD
CRAD
CARD
£ARD
CARD
CARD
CARD

GECM

GEGM

GEOM

GEQM

GEQH

GEQM

GEOM

GETH

GEGHM

GEGM

GEOM

GEAM

GEGM

GEGM

GEGM

HSOUR

I=

TOTMMOOWDUEZNN-RL_—~IO

o
—

Ki

=,
wWhan)

=
ow
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HWTSTAT= 0.0

TABLE XIIT
#5R Output
NMTC SAHPLE PROB.-1SOOMEV Pi+ MESONS ON PB.THIS 1S 0SR INPUT. CAAD A
ALG. 3 1980
NSTRT= 900 NMOST= 1200 NITS= 20 NQUIT= | EBOT= 0.50000D 00  THERM= 1
MEDIRe 2  CTAPES= 1., 1  ETAPE=  0.385670 0B  NFONE= ) STRPE= O
Fi SCATTERERS  ELEMENT 10 NPOINTS
82207 &Y
MEDIM= 1|  LHAX= 2  NPTSs 64  NFISHNs O
ELEM 1D SIGHA 1D DENSTY HASS LFi
82207 i, 2. 0. 0 O 0.03300000 207.00000 1
82207 9 0. 0. 0 0 0.03300000 . 0
SLOTH=  0,271000 O  SLOPS=  0.984000 00  SLOFS= 0.0
MEDIUH= 2  LHAX= 2  NPTS= 64  NFISHN= O
"ELEM ID SIGNA | DENSTY HASS LF1
82207 . 2 0 0 0 0.03300000 207.00000 1
82207 9. o 0. 0 © 0.03300000 : 0
SLOTH=  0.271000 0!  SLOPS=  0.98400D 08  SLOFS= 0.0
ESOUR= 0.0 UINP: 0.0 viP= 8.0 WINP= 0.0
XSTAT= 0.0 1STRT= 0.0 751AT= 0.0 NMED= ©  NREG= O
NHISTR= 2  NHISHMX= 3 101001061110010001000000000000000000
HOROS/COLL= B8  COLL/REC= 31  NCOLLSs | 0 O 4 0 0 7 O O
NCOLL
SPOSQ
H
z
HATE
SPOLD
HOLD
CLOWT
226715981351
NSPLT= 0 NKILL= |  MXREG= O  MAXGP= O
000 000 0.100000 01  0.984000 00  0.100003 OF
100 o000 0.0 0.0 0.0
NSOUR= 0 MFISTP= O

PHI TAFE= O
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TABLE XIIT (Cont'd.)
@5R Output

2 HALE
XZONE BNDS -0.10000D0 0S, 0,100D00 05
YZONE BNDS -0.10000D 05. 0.100600 05
ZZ0NE BNDS 0.0 . 0.180000 @z

ZONE l 1 1
XBLOK BNDS -0.100060 05, 0.10000D 05
YBLOK BNDS -0.10000D 05, O, 100000 05

ZBLOK BNDS 0.0 . 0.500000 01. 0.120000 02, 0©.180000 02
BLGCK 1 1 1

HEDIA 1

BLACK t I 2

HEBIA 2

BLACK 1 1 3

HEDIR l

0 NO QUADRIE SURFACES
HEMBRT NOT USED= 25481




HE [GHT
0.647190670 03
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TABLE XIII (Con‘l:.'d.)
@5R Output

¥ AVERAGE
0. 1030084400 01

--- INELRS [NPUT DATA -~--

NBT =

9

HEDIUM = 1

NO. INELASTIC SCATTEREFS = ]

¥ AYERRGE -
0. 3B4E4EHED 0D

CHG. AND MASS NG, OF INELASTIC SCATTERERS---

MEBILM = 2

CHG. AND MASS NO. OF INELRSTIC SCATTERERS-—-

TIHE=

0.0
3.803833700 a3

0'391929175 03
0.575551530 03
0.446416760 03
0: J0829305D 03
0.0
0.711951430 03
0.0
0:35712800 03
0.87957228D @3
0.0
0. 743413500 03
0.0

0. 755112930 03
0.0

%. 5655788760 03
0. 756027030 03
0.0
0.559736250 03
4.0
U-gISHIUEQD 03

0.0
3.540756950 03
0.635923860 03
0.0

0.50901S12D 03

NO.

INELASTIC SCATTERERS = |

0.0
0. 101405430 00
0.0
0.221690050 00
0.293605680 00

—0.619957910 00
0. 144811310 OO
0.0

-0.137523470 00
0.418079150 00
0.0

-0. 14900808D OO
8.0

-0. 155931470 O}
0.0
0.60243304D 00

g. 187378480 00
u:éovszassn 01
R
.0
g.éaelsessu o
gigailsassu'uu
0.123375160 01
0.0

g.geaaqgssn 0o
-0.16191801D 01
0.0

0641977760 00

2 HINUTES- 18,50. SECONDS

END OF FILE READ ON INPUT TAPE

18257600 01

Z=

g2.0

2= 82.0

0.0
-3.595070320 00
.0
-g.gulaaluan o0
-g:éasgasgsu 0o
-D.638793320 00
0.0
-g.vquueson oo
X
-9.966559730-01
-0. 200352090 Ot
2.9
0. 346853800 00
0
-g.gaavaalsn 00
0. 349317390-01
-0.1183U540D Ot
0.0
—3!507125710 01
-0. 735698000 00
0.0
-0.211356340 01
0.0
.3.373102240-01
gigsgsuaasu 0o
giguozsausn 00
-g:ézassaaén:Uu
0. 323565760 00

Z_RYERAGE
0, 770750920 01

M0. ELASTIC SCATTERERS

A = 207.0

NO. ELASTIC SCRTTERERS

A = 207.0
0.0
0.85%32238D 01
0.0
0.848839170 01
0.0
0.95548772D0 01
0.0
0.927156080 01
0.0
0.725320210 01
0.0
0.688918720 01
0.0
0.892723300 01
0.97409281D0 01
.gD3UR307D 0l
. BUB3ES37D 61
0
9

e
o

.90305687D 01
927262380 01
'078157190 01
-86329630D 01

6
0
g
0 .
.359398429 o1
8
.0
.8
.0

£

DDQDDGDOGQ DQDGD

.B831751880 D1
83847070 01
-838056850 O
511793010 ol

GDGDDQQQ

n

RANDOH
226715981351

8947A7150571
8847A7{50571
EGBUHBG7UG2D
£6844B67462D
YCEE2RCOSBES
YCEE2ACOSBES
27062E3F 2655
27062E3F2655
Bg2GBBBLYSES
B826BDBCSBLS
49s40FBICOA]
49EyDFB3COR]
DEB7SECCY3EL
DEB7SBLCY3E]
DEB9DEB33C25
OEB9DEB33E25
6RF25E3ERGAD
BAF2SE3EAGAD
CE0876702D35
CE0976702035

A9BGSEQBYFES.

A9BBIECBUFES
B026E69BFBC1
B026EE28FBL1L

£928B62EB0FD -

E928B62EBDFD
EDQF735A23EED
EDF73SA23EED
AGEDALLE624D
AOGDAICEE9L0
FCBS3UCOFUED
FCBS3YCOFUSD
BIAGEFY93H29
BIRBBFYA3Y29

"39E207EEYBBI

39E2G7EFLBB]
FUg175RGECa5

FY9175801C95

G22EUD0I9E98S

HEM
649

701
806
867
493
528
577
614
3ug
71
710
756
714
769
358
382

955
46
804
757
800
557
500
758
800
561
593
416
456
526
562
598
713
510
545
U2
704
§37
66U
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TABLE XIV
Listing of @¥5R Analysis Program

C ANALYSIS PROGRAM FOR OSR IN NMTC SAMPLE PROBLEM
DIMENSION C4,2,3),C2M,2,3) ,CUR WM, 2,3
COMMON/PARAMS/NCOL , SPOS, W, 7, WATE, SPOLD, WOLD, OLDWT
D21 =14
o2 J=1,2

DB 2K -=1,3
C (I.J,K) = 0.

RERD (5, 3) NHISTB NHISHMX, NWPCOL , MAXCAS, MAXBCH
3 FORMAT (515)
PBCH = FLOAT (MAXCAS)
BCHS = FLOAT (MAXBCH
WRITE (6, 4) NHISTR, NHISMX, NWPCOL , MRXCAS, MAXBCH
4 FORMAT (1H1,11X, * O5R ANALYSIS FUR NMTC SAMPLE PROBLEM'/
19X, 'NHISTR = ', 15, NHISMX = *,I5,' NWPCOL = ',I5/15X,
2 'MAXCAS = °,I5,' MAXBCH = *,19)
5 CALL REDOSA (NHISTR,NHISMX,NTYPE.NWPCOL)
IF (NTYPE) 10, 20,80
10 HRITE (6,11) NTYPE,NCOL
11 FORMAT (1H1, °NTYPE = *,I5,' NCOL = °,.I95)
CALL ERROR
20 IF(NCOL)10,5,25
25 60 10 5, 10, 10, 30, 10, 10, 30,10, lg).NCUL

C NCUL = 1. 2. 3’ I'l' 50 sl 7. 8’
30 IF (WOLD) 42,45,47
H2 NS = 1
GO 10 49

usS WRITE {6,U8) WOLD

U6 FORMAT (iH1,* WOLD = *,E17.7,' IN MAIN')
GO TO S

U7 NS = 2

ug IZI= IFIX(2/6.) + 1

. N=1 CURRENT OF NEUTRONS RBOVE THERMAL.

IF (SPDSO.EQ.1.) N=2
C N=2 THERMAL NEUTRON CURRENT.
50 CUR(IZ,NS,N) = CUR(IZ,NS,N) + OLDWT
IF N.E0.31 GO T0'S
C N=3 IS TOTAL (N=1 AND N=2).

80 GG TO [ 85, 10, 85 ,NTYPE
85 DO 86

C(,J,Kl + CURII,J,K}/PBCH
C2(l,J,K) + I[CUR(I,J,K) /PBCH) »=2
86 CUR( =0 .

95 BCHSS = BCHS ~1
IF (BCHSS.EQ.D0) BCHSS = 1
pog71 =1,4
o997 J =t1,2
00 97 K =1,3
IFC C , J Kl .EQ.0) GO TQ 97
C2(I,J,K) -(CQ[I J,K} /BCHS - (C(I,J,K) /BCHS) mx2) /BCHSS

C I:J;K) = C(1,J,K) /BCHS
' C21I,J;K = IUU.x SQHT( ABS ( CEEI J.Kll] / CII J Kl
97 CUNTIhUE e
’ KRITE 16, 99)

9 FUPﬁHTIIHO. 3%, * PARTIAL NEUTRON. CURFENTS AT 7 = 0. 8, 12 AN 18CH,
SUUY1IX, C TN AN 18 CH. . THICK INFINITE PB-SLEB.*/
26X, ‘UNITS- (NELTRONS/CH2/SEC) / (INCIDENT PI+/CM2/5ECI‘)
00200 N=1,3
G370 1100.110 1151, |
100 WRITE(6,101) | o
101 FORMAT (1HO, OF usurnnns namvs THEHHHL HND BELBN NHT NEUTBDN cura
| XFF ENERGY') | ) -
© 60.TO 120 o |
- 110 WRITEG. i
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TABLE XIV (Cont'd.)
Listing of %¥5R Analysis Program

111 FORMAT (1HO, * OF THERMAL NEUTRONS')
GO T0 120
115 WRITE (6, 118)
116 FORMAT (1HO, * OF ALL NEUTRONS BELOW NMT NEUTRON CUTOFF ENERGY")
120 B0 150 NS = 1.2
IF (NS,GT.1) GO TO 125
WRITE (6, 121) :
121 FORMAT (1HO. 15X, * NEGATIVE PARTIAL CURBENTS®)
GO 70 150
125 WRITE (8, 126)
126 FORMAT (1HO, 15X, * POSITIVE PARTIAL CURRENTS™
150 WRITE (8, 160) ¢C (1, NS, N, I=1,4), (C2LI,NS, NI, I=1,4)
160 FORMAT (1HO, * VALUE 'J4E12.4/" REL. ERROR",4E12.3)
200 CONTINUE o
CALL EXIT
RETURN
END
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TABLE XV
@#5R Analysis Input

2 2 8 25 20
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TABLE XVI
@#5R Analysis Output

SR ANALYSIS FOR NMTC SAMPLE PROBLEM
5TR = 2 NHISMK = 2 NWPCOL = 8
MRXCAS = 23 HRYBCH = 20

PARTIAL NEUTRON CURRENTS AT © = 0, 6,12 AND 18CM.
IN RN I8 Cit, THICK INFINITE PB SLAB.
UNITS- (NEUTRONS/CH2/SEC) / (INCIDENT PI+/CM2/SEC)
OF NEUTRONS ABOVE THERMAL AND BELOW NMT NEUTRON CUTOFF ENERGY

NEGATIVE PRATIAL CURRENTS

AR b e R L

OF THERMAL NEUTRGNS
NEGATIVE PRRTIAL CURRENTS

: VALUE 0,1396E 02 0,1746E 02 0.1i%4E 02 0,0

i FEL. ERROR 0.S09E OI 0.579E Of 0.598E Of 0.0

g POSITIVE PARTIAL CURRENTS

VALUE 0.0 0.1338E 02 0.1755€ 02 0,1262E 02
Y REL. ERROA 0.0 0.535 01 0.538E 01  O.SM7E O!
A

§

d VALUE 0.0 0.0 0.0 9,0

. REL. ERROR 0.0 0.0 0.0 2.0
POSITIVE PRARTIAL CURRENTS

VALUE 0.0 0.0 0.0 0.0

REL. ERAOR 0,0 0.0 0.0 0.0

OF ALL NEUTRONS BELCW NMT NEUTRON CUTOFF ENERGY
NEGATIVE PARTIAL CURRENTS

VALUE C.138BE 02 O0.1746E 02 O.t194E 02 0.0
REL. ERROR Q.S09E 0t Q.579E 01 0.59E 01 0.0

POSITIVE PARTIAL CUARENTS

VALUE 0.0 0.1339E 02 O0.1755E Q2 0.1262E 02
REL. ERROR 8,0 0.535E 01  ©.53BE 01 0.547E 01




L
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TABLE XVII

Input for NMMT Edit Program
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TABLE XVIII
Output from NMT Edit Program

AEADING LOG, 9 AS NMT TAPE

MAXBCH MAXCAS  MXMAT NGROUP NPIOK  NICOL  NOUIT NEXITE NSPRED NWSPRD NSEUDB  NBERTP
20 25 2 2048 0 ) i 1 0 0 £ 1

EMRX  0.1S00E 04

CUTOFF ENEAGIES FOR TYPES 1-7
0.1S00E 02 0,1500E 02 0.2232€ 01 0.2156E 01 0.2232E Of 0.1693E 01 0.1683E 0]

HEDIUHM 1
NUCLIDE NO. Z HO. A NO. *GEOHETAIC® XSECT (PER CH)
1 0.8200E 02  0.2070E 03 0.8104E-01
TRANSPORT XSECTS FOR PARTICLE TYPES 1-7 IN MEDIUH 1 IN PER CH
0.8104E-01 0.B10YE-01 0.8B0GE-O1 0.0 0.9806E-01 0.8885E-04 0.8885E-04
MAX HYDROGEN xsgcrs FOR PgﬂglCLE TYPES 1-5 IN Hﬁnlug | IN PEA CH
MEDIUM 2
NUCLIDE NG. Z NO. A N0, mramsmlc' XSECT PER CMI
1 0.B200E 02  0,2070E 083 BIQYE-B1
TRANSPORT XSEETS FCR PARTICLE TYPES 1-7 IN MEDIUM 2 iN PER
0.61046-01 0.BI04E-01 0.8806E-01 0.0 0. esoss-m 0. Baass-uu 0.68885E-04
HAX HYDROGEN XSECTS FOR PRATICLE TYPES 1-5 IN MEDIUY 2 IN PER CH
0.0 0.0 0.0 6.0 0.0
NCOL NOCAS  NAME  MAT N'-iED LELEH NOPART NASOV NBELO NPART) NPF.RTD NPAAT3 nmam NPRHTS NPAAT6  BOLD BLZ
1 ] 1 1 0 0 ] {] a hy 0 00682081 0D082081
X ¥ F4 xC zc ULDNT m E EC
0.0 0.0 0.0 0.7863E 66 0. 7BS3E 66 0.7863E 66 O0.)000F Q! ©.1000E 0! O.{SO0E DY O.78G3E GB
] Y H TIP PR EREC EX HEVSUM u
0.5 0.0 0. 1000E 01 0.200GE 0l 0.0 0.0 0.0 0.0 0.0 0.0
NCOL NOCAS NRME  MAT  NMED LELEH NOPART NFIBUV NBELD NPRRT! NPART2 NPART3 NPARTY NPARTS NPARTE  BOLO BLZ
) 1 1 1 1 -1 0 0 0 g 0 ] uuoaeoai Q082081
X 1 z XC e Z OLDWT WT EC
0.0 0.0 0.0 o.c 9.0 0.1115E 01 0,1000E 0! 0.9988E 00 0115005 04 O.1483E U4
u v M TIP APR 2PR EREC EX HEWSUH uu
0.0 0.0 0.1000F 0: 0.2000E 0f 0.0 0.0 0.0 0.0 0.0 0.0
NCOL NOCAS NAHE  MAT  NMED LELEM NOPART NABGV NBELO NPART1 NPART2 NPERT3 NPARTY NPARTS NPARTE  BOLD BLZ
5 [ 1 1 1 0 -1 0 0 0 1] i c 0 0 00082081 0008208)
X Y K4 Xt e 2t OLONT E EC
a.0 0.0 0.1{I1SE 01 0.0 0.0 . B.5742E 01 0.99BGE 00 0.9 9155 00 O0.1483E O4 O.I14llE Ou
u v H TIP frR ZFR EREC EX HEVSUH Ul
0.0 0.0 0.1000E 01 0.2000E 0f 0.0 0.0 0.0 0.0 " 0.0 0.0
NCOL NOCRS NOME  MaT NHE[J LELEM NOPART NRBOY HBELD NPHRTI nmme NPRRT3 NPARTY HPHHTS NPARTE  BOLD BLZ
7 1 1 1 1] 0 ] 0 0 0 0 ucmaaoal 00102081
X ¥ 4 XC 1 zc 0LBAHT Hi
0.1 6.0 0.S7UZE 01 0.8 0.0 0.6000E 01 0,.8875E 00 0,9975E 00 Q. ls;ul-: o B, wms o
u v H TIP APR PR FREC EX HEYSU 1]
0.0 0.0 0.1000F OI U.2000E 0! 0.0 0.0 0.0 0.0 0.0 0.0
NCOL NOCAS NAME  MAT  NMED' LELEM NOPERT NRBOV NBELO NSORT1 NPRAT2 NPHHTB Nang NPERTS NPART6  BOLD BLZ
5 1 1 2 2 0 -1 0 i} ] 0 o 0 00102081 00162081
X T z XC YC ZC m.nm E EC
a.n 0.0 0.6000E 61 0.0 0.0 0.8850E O ©.9975E 00 O, 99515 00 0.1407E D4 0. 13GHE o4
u v H 11 RPR _ZPR EREC EX HEVSUM i
0.0 0.0 0. lEDUE 01 0.20002 DI 0.0 0.0 0.0 Q.0 0 Q 0.0
NCOL NOCRS NAME  MAT  NMED LELEH NOPRRT Neeav NEELD NPH-HTI NPnaTe NPHHTB NPnam NPARTS NPERIE  BOLD BLZ
2 1 1 2 2 8 ] 0 0 00102081 00102081
X Y xc 1 z nm E EC
0.0 0.0 0. BBSGE o1 0.0 ~ oo - 0.1089F 02 0.99515 o6 O, 991135 00 0.135!15 o4 0.1331F OY
U ' TIP “RPR ZPR EHEC HEVS iy
0.0 0.0 o.mnos 01 0.2000F o1 U.IGSUE 03 0.7200E 02 O.4194F 01 0.52535 03 0. lS?LIE g2 0.5928E 01
NAMEA - TIPA £A e v - . WA HTR
2 0.3000F &* 0.3257E 02 -D.5S85E 00 0.9398E-0! 0.82u2E 00 O,S9948E 00
3 u.waus m, ‘B.2232E.03 ~Q,2530E 00 -0,Si59E 00 . 0.BI184E 00 0,99UEE 09 :
Y "'0,P186E 03 0.6792E 00 -0.3816E 00" 0,6281E 00 g,99¢BE 00+ -
5 n mqu o1 '0.1467E 03 -0.4940F B0 ~0.5903F 00 . 0.638LE 00 - 0.9948E 00
6 0.1D00E Qi 0.6555E 02 .~0.85686E~0) -0.9962E 00.<0, ! 142E-01 - 0, 92UEE (O
7 0.0 - 0,3256E 02 -0,6507E-01 -~0.8960E 00 B,6195E-01 © OHO4EE A0
8 0.0 ©0,2485E 02 "0.584YSE 00 -0,4931E DO -B,6397E 00 0.99UBE DO . _
a  g,1000E 01 ©,2})7E 02 ~0.B551E 09 +0,1738E 06 0. 7353 00, 0.90UBE-B0. . . & oo niui s
40: . B.1000E OI.-0,2067E .02 -ﬂ.aunss-m 0. 2195E¢ au 0.97535 007, 0,9948E "0 i
{é K ~'0.1690E 02 0,5178E 00 & B0 0.99u8E gg ey

0.0 D217 02 0,97
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TABLE XVIITI (Cont'd.)
Output from NMT Edit Program

TIFB
0. {0GRE ©1

HTEVAP
0.9946E 00

£d ug Vg
0.1239E 02 0,3708E 00 0.65970E OO
EPART ARRAY (EVAP NEUTRON ENERGT
0.6339%E 01 0.2{17E 02 0,5172E O}
0.2067E 02 0.1035E 02 G.2115E Ol
0.7S46E 00 O.B5BYE @1 0.440BE 01
0.3493E G0 0.2797E 0D

EPART PAARAY IEVAP PROTON  ENERGY)
0.6Y9SE 01 O0.J194E 02 0.1690F 02

HIEVAP HEPART RAAAY (EVAP DEUTERON ENERGT
0.994BE 00 O.ISTHE G2

HgT NHED LELEH NUPﬂﬁT NHEgV NBELG NPHHTI

T
U.U D.IUQSE a2 -0. 3}}96 oo -0.53515 o0
-0, SISBE 00 o. BIBHE 00 0.1G0CE 01 0. D

MTT NH%D LEL?H NUPHST NQBUV NBELU NPHH;l

Z XC C
-0. 635!E 0o . IEDOE 02 -0.1707E 01 -0.348lE 0O
TP APR

HTEVAP
0,9946E GO

NCOL  NOCRS
7 1

X

0.0

u
-0,2530E 06
NCGL NGCRS  NRME
2 1 3

NRHE
3

X
-0.311%E 0C

TC
D;ISEUEtUE
APR

-O.S?ISE on o 7791E o1

S :
O;IDBSE”UE'*B.IQSUE'DI
i

HB HTB
0,6139E 00 0.9348E 00

ai
al
0

0.2B89E
0.2194E
0.2196E

0.[175E Q2
0.5630F 01
0.6839E 01

8.9658E 0l
0.5408E 01
0.49575E 01

0.4954E 01
0,4698E 0!

.5515E 01
1
0.9730E 00 |

0
0.1435E 02
0.1987€ Gl

0.2174E G2 0.1339E 02 0.9857E 01 O0.88B4E O}

BLZ
0p182081

EC
03 0.2232E 03
uy
0.0

BLZ
00182081

EC
03 0.2232€ 03

BoLD
UU!OEEBI

D.2232E
HEVSUM
2.0

BOLD
00182081

E
0.2232E

NPAATZ NPHHSB NPHHTQ NPHBTS NPHH&B

1]
ZC oL DH7 H1
0. lgDOE g2 O.EQUGE 00 O. BQQBE oo

0.0 0.0 D.U
NPRRTE NPRHTB NPHRBH NPHﬂ;S NPRR;S'

C OLBHT HT
O.IgﬁlE 02 D.BQUEE oo 0.9§QBE 0o

u I HEVSUM Y
1025305 00 -0.51SSE 00 0.61B4E 00 0.I000E Of 0.2000F 03 0.8.00F 02 0.IG14E 00 O.MBNME 02 0.0 0.63!5€ 01
NAMER 11PA ER A VA KA HTA
13 0.1000E 0} 0.132YE 03 0.340UE 00 O.1867€ 00 0.9215E 0D 0.9SUBE Q0
14 0.0 0.346SE 02 -0.713% 00 -0,5920E-Di -0.6977E 00 0.9948E 00
WIEVAP  EPART RRAA((EVAP NEUTRON ENERGY)
0.8948F 00 0.3916F O] 0.5063F 00 0.6902F 00 O0.1I46E 01 0.3034E 00
NCOL NOCAS NRME  HAT NAED LELEW NOPART NRBDV NGELO NPPRI1 NPART2 NPRRT3 NPARTY NPARTS NPARIG GOLD BLZ
4 13 ! 0 0 0 0 o D 0 0 i 0 00182081 Q0O00GQO
X z e 2 CLOWT WY E EC
-0.1707€ 01 -0. 34315 01 0.I651E 02 -o.ussr-: 01 -0,3[60F 01 0.1800F 02 0.9S48E 00 C.9WUEE 00 O,1324E 03 0,1324F 03
u TiP APR PR EREC EX FEVSUM U
0.3404F 0O 0. 18676 00 0.9215E 00 0.10DCE O 0.0 0.0 0.0 0.0 0.0 0.0
NCOL NOCAS NAME  MAT  AMED LELEM NOPART NRBOV NBELO NPARTI NPART2 NPART3 NPARTY NPARTS NPART6  BOLD BLZ
7 1 Y 2 I 0 0 0 0 0 0 0 0 a 0 00102081 00182681
% Y z XC YT Zc oLOoMT WT E EC
0.0 0.0 0.1099E 02 0.1089E 01 -0,6130E 00 0.1200F 02 0.S9YSE 0O 0.9ZYBE GG 0.2188F 03 0.1758E 03
u v u TP AFR ZFR EREC EX HEVSUHM U
0.6782E 00 -0.3BI6E 00 0.62B1€ 60 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NCOL MNOCAS MNAME  MAT  NMED LELEM NOPART NRBOV NBELO NPARTI NPART2 NPART3 NPARTY NPARTS NPARTG  BOLD BLZ
3 1 h 1 1 0 o a o 0 0 B C 0 0 00182081 00182081
X Y z XC YC Zc OLOWT HT £ EC
0.108E 01 -0.6130€ 00 0.1200F 02 0.331%% 01 -0.1980 01 .13 02 o, 984E 00 0.9346E 00 0, 175¢E 03 0. 1500E 02
y v W 1P AFR PR EX HEVSUM au
0.6782E 00 -0.3B16E 00 0.5281E 00 0.0 0.0 0.0 0.6 0.0 0.0 0.0
NCQL NOCRS NAKE AT WiED LELEH ‘NOPART NABOY  NEELO NPRRY1 NPART2- NPRAI3 NPRRTS NPARTS NPRATS  BOLO BLZ
7 1 5 2 ) ¢ 0 0 -0 0 0 00102081 0016203)
X Y 2" XC Y© i OLOHT EC
0.0 0.0 0.103%E 02 -0.7805F 00 -0.9331E 00 0.1200F 02 0.9%48E 00 O. <AIGE 00 0.IMB7E 03 0.1967E 03
v TIP APR PR EREC EX HEVSUK w
~0.49HOE 00 -0.5903€ w o. saauE 00 0.1000€ 01 0.0 0.0 0.0 0.0 0.0 0.0
NCOL NOCAS NAME  MAT. NMED LELEN NOPART WNRBOV NRELO nﬁéﬁn NPHBTE NPeRT3 Nanl! NPARTS NPRRTE  BOLD  BLZ
5 1 5 1 1 0 . -l o 0 0 - .0 0o, 0 00182081 6018208
X ¥ z. XC e 7 LOKT 3 EC
-0.7806E 00 -0.9331€ 03 0. 1200E 02 -0.4GY7E O -G,YB55E 01 a.xsase 02 o asuee 90 0.93BE 00 6. 1U7E 03 0. 14G7E 03
u v W e AP 2PR HEC EX HEYSUM
-0.4940F 00 -0.5903E 00 0.63B84E 00 0.1000E 0! 0.0 - g et 0.0 0.0 0.0
NCOL NOCAS NAME  HAT NAED LELEW NOPRST KRBV NGELO NPRRTL NPPRT2 NEART3 HPRATY NPRRIS NPPRTG  BOLD BLZ
y 1 5 1 ) 0 0 K] 0 0DiZZ08! 00000GOO
X ? 2° Yc P OLEHT E. EC
~0.HO3TE 01 -A.483E 01 0.1628€ 02 0. su%ge 01 -0.8452€ 01 0.1800% 02 0. gsua& 0o o, geqas 0y O.IIAg?E 03 01467 03
-0.48U0 0D -0. 5803 00 0.G304E 00 0,1000E 01 0.0 0.0 0.0 0.0 0.0 0.0
NCOL NOCRS NAHE  MAT  WMED LELEH NOPART  NABOV megw'urmn NPAST2 NPART3 NPqu NPRATS NPARTS - BOLD BL2
5 ros 2 2 -1 o g g, O 0002081 0Dl25Y
z° oLD
0.8 q. o 0. 1036E 02 -0, E715E 0o 0, 77915 ol 0y wase 02 B ShieE 60 u.sguaﬁ 60 0.gs5sE 02 0.6555E 02
U PR EREC FEVSUH (7]
-0.6566E-01 0. 99525 0 -, 17uar-:-m u.wnne g1 o.o 0.0 0.0 0. o 0.0 0.0
NCL HOCAS  NRUE "~ NMED LELEH NGPF!HT NHBGV HBELO WPRATL NPBRT2 NPRRI3 NPBﬁTu NPRRTS NPEATE  BOLD BLE
2 l F 5 2 0 amuagat nmnaugé

e ot HT _
‘a. mms 02 0.99u8E o0 u.ssuaz 00 0,6555E 02 0.65SSE 02
EREC CEX . HEVSDM - LU




ERE - S

NCOL
3

NCOL
3

NCOL
6

HCoL
7

NCOL

NEOL
3

NCOL
3

NCOL

e . . A .
WL . D N L TE LR T T B L R T TREY R . .
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TABLE XVIII (Cont'd.)
Output from NMT Edit Program

-0.8588E-01 0.9962E 00 -0.1742E-01 0.)000E Of ©,2020E 03 OQ,8200E 02 0.47E 00 0,5627€ 02 0.0 0.8976E Ol

© TIPB E8 uB VB HB HTG
G.1000E O 0.7084E 01 0,2813E 00 B,7027E 00 -0.6517E 0D 0.9946E 00

HIEVAP EPAAT AARARY (EVRP NEUTRON ENERGYI .
0.9946E 00 O.UYYOE 01 O0.4262E 01 O.17BYE O} 0.1346E 01 G.4718E 00

NOCRS NAME  MAT  NMED LELEH NOPRAT NABOY NBELO NPRAT! NPRAT2 qura NPRATY NPRATS NPARIS  BOLD BLZ
i 7 2 2 0 8 o ] a 1] 0 0 0010208 0010208}
b Y z GLDHT WY E EC
0.0 o.u 0.10995 g2 -0, stue -92 -0. 1u52£ 00 a.uqu 02 0,9946E 0O O0.9948E 00 0.3258€ 02 0.!580E 02
u TIP ZPR EREC EX HEVSLM w
-0,5507E-01 -0. 99501-: 0o o. s:ssE-m 0.0 0. 0 0.0 0.0 0.0 0.0 0.0
NOCAS NAME  MAT maen LELEH KOPART NRBOV HBELD NPARTL NPRATZ npnma NPARTY NPERTS NPAATS  BOLD BLZ
1 < 8 .3 0 0 0 e 3 u - ] 0 0 nawagal omaaagé
XC LOHT
0.0 o.u 0. 10995 02 0.424iE€-01 -0.3621E-MM u.lmuE 02 0.9948E 00 u.gsuaE 00 ©0.2485E 02 0.1500E 02
U H TIP ARR ZPR EREC Ex HEVSUM w
0.584SE 00 -0, usle 00 0.6387E 00 0.0 0.0 0.0 0.0 0.0 8.0 0.0
NOCRS NAME  #Aar %n LELEM NBPﬂﬁi‘ NABGY NBELD MPAATI MPART2 umma HPRATY NPARTS NPRATG  BOLD -BLE
1 g 2 1 g 0 3 a f 0 0 0010208} ouwanm
X Y YC ZC OLDUT HT £
0.0 " 0. u D.!UQQE o2 -o.alues ) -u.sgg;e 00 n.s%ggﬁ g1 0. ggggs 00 u.gsqas go o, 25%55 02 u.al\an 02
-0,BS51E GO -0.1738E 03 -0. 7353& oo n.wtme 01 0.2050E 03 0.8200E 02 0.8920E-01 u.aawe 02 0.0 0.2773E 01

HTEVAP EPRRT AARAY (EVAP  NEUTROM ENERGY) '
0.8946E 00 0.2233E 01 0.4282E 00 O,4Y499€ OO

NGCRS NAME  #AT N%'!ED LELEH HOPRAT HPBUV HBELO HPRATI NFBRT? P-'PRRTE! HPARTY HFHFITS WPRRTE B0LD BLZ
1 10 2 a a 0 0. a £ 00102081 00182081
X T E 1C i LT HT E EC
0.0 0.0 0. !QSQE 02 -0, EHBEEvOI -0.2271E 00 @. IEBOE 02 0.93yS5 OD 0.994BE 00 0,2067E 02 0.20857E 02
P APH - 2P EREC EX HEVSUH U

u 1]
~0.2409E-01 -0, EIQSE 00. o. 97535 00 O.1000E 01 6.0 0.0 0.0 0.0 0.0 0.0

NOCRS  ®aME  MAT NHED LELEH NOPRAT NREUV HBELU NPRAT1 N?F}BTE NPART3 NPHHTIJ HPRRTS NPARTS BOLD BLZ
! 10 l 0 0 ] 0 g g UD!&EgBl Dﬂﬂﬂﬁﬁgg

X XC z DL om HT
~n.euaaﬁ—m -C. ea‘na oo 0. 12005 2 -u.n:im-: o -0, 15735 1) B N 12005 0 o0 sggge 09 o.gggas 0o uﬁaggvs 02 0.23575 02
-0.2409E-01 -0.2195 00 0. 97535 00 0,1000E 01 0.0 0.0 0.0 - 0.0 0.0 0.0
NOCAS  WAME  -MAT NMEB 'LELEH' NOPART NRBQY -HBELIJ Npaanwmme:nmma.umam NPRRTS NPRRT6 _ BOLD BLZ

1 i 2 0 -0 0 g 0 0 00102081 0010208}
X Y 2° c OLOHT. HT E £C
.o 0.0, g. 10995 02 o. sTI;gE 02 0.83726-G2 u.1g99£ 02 n.ssu&s oo n.sgqaf oo nﬂéegna g2 D.ISOCIE 02
0.5176E 00 0.7016E 00 -0, uasss 0 00 - 0.0 0.0’ 0.0 0.0 0.0 0.0
NOCAS ~ NAME  WAT NHEB Leen: Namﬁr HABOV NBELD RPART1 NPRRT2 NPART3 NPaﬁm HPARTS NPARTS  BOLO BL2
v, ®# 2 0 g 0 0 ‘0 00102081 nmaaagé
XC i Hr
.0 0.0 - % 1099E 02 o, qs?'us-m -0, aggsE-nz 0.1;305 02 a ssqag o D.BE;I(&E oo DHE{,?“E @ o. 1satu-: 02
0.9722E 0D -0.5756E-01 Q. 22725 ua 0.0 0.0 0.0 O 0 0.0 0.0 o.a
NOCAS ~ NRME  MAT NHEO LELEH HOPRAT NREQV NBELO NPRATI HPART2 NPHﬁTS.-‘NFﬂBTq MPBHTS ¥PAATE  BOLD BLE
1w - 0 -0 0 o 8 .0 0 00182051 00182081
L f c ULDm m‘ E EC
-0. 17375 o -0, 311915 0 0.15515 02 -i-.l??i!BE o1 '0'3333,5 0 0. 15395 02 0.9948E 0o o.esqss 0 aéggggfz g2 o 13305 02
-0.7139E 00 -0,59206-01 -D.6977E oa 0.0 c.o 0.0 0.0 a.u 0.0 X
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